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COMPLEX  SUBSATELLITE  OCEANOGRAPHIC  EXPERIMENT  OF  THE  USSR  AND  GDR  IN  THE 
BALTIC  SEA 

Leningrad  KOMPLEKSNYY  PODSPUTNIKOVYY  OKEANOGRAFICHESKIY  EKSPERIMENT  SSSR  I 
GDR  NA  BALTIYSKOM  MORE  in  Russian  1985  (signed  to  press  02  Apr  85)  pp  1-105 

[Book  edited  by  S.V.  Viktorov,  candidate  of  physico-mathematical  sciences, 
Gidrometeoizdat,  690  copies,  105  pages] 

[Text]  Annotation 

Problems  of  preparing  and  executing  the  first  joint  complex  subsatellite 
experiment  of  the  USSR  and  GDR  in  the  Baltic  Sea  (April,  1982)  are 
discussedl 

This  collection  was  prepared  by  scientists  from  both  countries. 

Present  views  on  the  role  of  subsatellite  experiments  in  the  development  of 
satellite  oceanography  are  presented.  Information  is  given  on  the  goals  of 
the  international  experiment  and  on  the  complement  of  satellite  measurement 
devices,  airplane  laboratories  and  research  vessels.  The  general  concept 
of  organizing  the  synchronous  measurement  of  radiative  and  thermodynamic 
sea  temperatures  and  water-mass  optical  characteristics,  as  well  as 
additional  oceanographic  and  meterological  characteristics  synchronously 
with  measurements  from  satellites  in  the  visible  and  Infrared  bands  is 
presented. 

The  complex-experiment  control  system  and  the  distinguishing  features  of 
experiment  execution  are  described. 

This  collection  is  of  interest  to  specialists  in  remote  sensing  of  the 
earth  and  to  students  in  relevant  disciplines. 

Foreword 

The  traditional  friendly  relations  between  oceanographers  in  the  USSR  and 
GDR  began  many  years  ago,  practically  from  the  moment  that  the  GDR  Academy 
of  Sciences  [AS]  Institute  of  Oceanography  in  Rostock-Warnemlinde  was 
established.  In  1983,  the  institute  celebrated  its  25th  anniversary. 
Specialists  from  both  countries  have  participated  in  many  joint  expeditions 
over  the  oceans  and  seas,  in  the  analysis  of  experimental  information  etc. 
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A  new  stage  In  the  cooperation  came  In  the  early  1980s,  when  joint  research 
between  USSR  and  GDR  scientists  on  satellite  oceanography  began.  The 
prerequisites  for  this  were:  1)  the  logic  of  the  development  of  modern 
oceanography,  which  is  more  and  more  based  on  new  remote  methods  of 
obtaining  information  about  the  ocean  medium,  in  addition  to  traditional 
methods,  and  2)  the  presence  of  steady  scientific  contacts  based  on  mutual 
respect  and  trust.  Cooperation  in  this  new  direction  would  be  impossible 
without  a  solid  foundation  of  friendly  relations  between  the  peoples  of  the 
USSR  and  GDR  in  all  areas:  political,  economic  and  cultural. 

From  the  very  beginning,  the  arena  for  bilateral  cooperation  was  the  Baltic 
Sea,  which  borders  both  countries.  The  study  of  this  **llttle  sea  with  its 
big  problems”  is  of  great  interest  to  both  countries,  which  intensively  use 
the  Baltic  Sea  and  its  shores  for  shipping,  fishing  and  other  economic 
activities,  as  well  as  for  recreational  purposes. 

Satellite  oceanography  is  a  comparatively  new  scientific  field,  with  a 
number  of  unsolved  problems.  Synchronous  measurements  of  sea-surface 
parameters  from  satellites,  airplanes  and  ships  should  aid  in  developing 
and  perfecting  methods  of  interpreting  satellite  data. 

In  April,  1982,  the  First  Joint  Complex  Subsatellite  Oceanographic 
Experiment  was  carried  out  in  the  central  part  of  the  Baltic  Sea  by 
specialists  from  the  USSR  and  GDR.  A  large  volume  of  synchronous  data  was 
obtained  from  several  satellites,  airplane  laboratories,  a  special  research 
vessel,  vessels  of  opportunity  and  shore  stations.  These  data  characterize 
the  hydrological  and  hydroblologlcal  state  of  the  waters  in  the 
subsatellite  site  and  the  surrounding  water  area  of  the  Baltic  Sea. 

The  preparation  and  successful  execution  of  this  complicated  experiment, 
the  first  such  experiment  for  the  Baltic  Sea,  are  the  result  of  the 
combined  work  of  collectives  of  scientists  and  specialists  from  the 
Leningrad  Branch,  State  Oceanographic  Institute  [LO  GOIN]  of  the  State 
Committee  for  Hydrometeorology  and  Environmental  Control  [Goskomgidromet ] 
and  the  GDR  AS  Institute  of  Oceanography  [IM];  each  organization 
coordinated  the  work  of  several  establishments  in  its  own  country.  The 
following  contributed  to  the  organization  of  the  experiment:  in  the  USSR, 
the  State  Scientific-Research  Center  for  the  Study  of  Natural  Resources 
[GosNITsIPR] ,  the  Main  Center  for  Receiving  and  Processing  Satellite 
Information  and  the  Klaypeda  Marine  Hydrometeorological  Observatory;  in  the 
GDR,  the  Lindenberg  Aerological  Observatory  of  the  GDR  Meteorological  Service. 

Special  note  should  be  made  of  the  important  work  performed  by  the 
directors  of  the  joint  research,  S.V.  Viktorov  (LO  GOIN)  and  H.-J.  Brosln 
(IM)  in  preparing  the  experiment. 

The  present  collection,  prepared  by  USSR  and  GDR  scientists,  is  the  result 
of  the  first  joint  step  in  the  difficult  path  of  developing  methods  for  the 
oceanographic  use  of  satellite  remote-sensing  data  about  the  earth  in  the 
interests  of  our  countries*  economies  and  the  study  of  the  environment. 

(signed)  V.A.  Pozhkov,  doctor  of  physico-mathematlcal  sciences, 

Director,  Leningrad  Branch,  State  Oceanographic  Institute 


2 


K,  Voigt,  corresponding  member,  GDR  Academy  of  Sciences, 

Director,  Institute  of  Oceanography,  GDR  Academy  of  Sciences 

Editor's  Note 

In  ocean  expedition  work,  measurement  and  observation  data  have  been  the 
basis  for  various  types  of  oceanographic  research  for  many  years.  The 
results  of  processing  and  analyzing  data  from  individual  expeditions  and 
joint  experiments  are  published,  as  a  rule,  for  several  years  after  the 
data  collection  is  completed. 

The  First  Joint  Subsatellite  Experiment  of  the  USSR  and  GDR  in  the  Baltic 
Sea  was  completed  not  long  ago.  Since  then,  specialists  of  both  countries 
have  been  able  to  analyze  only  some  of  the  experimental  data. 

The  first  to  be  processed  were  data  needed  to  verify  the  concept  of  complex 
vessel-aviation  oceanographic  subsatellite  experiments  and  data  which 
characterize  the  changeability  of  the  investigated  marine  characteristics. 
The  results  obtained  during  the  processing  of  these  data  are  necessary  for 
planning  further  experimental  work  to  study  the  possibilities  of  using 
satellite  information  in  regional  oceanographic  research.  The  experimental 
results  are  not  limited  by  the  information  in  the  present  collection. 
Scientists  of  both  countries  will  continue  to  publish  individual  and  joint 
articles  based  on  the  information  from  this  expedition. 

In  accordance  with  the  agreement,  the  present  collection  was  prepared  at 
the  Leningrad  Branch,  State  Oceanographic  Institute  based  on  materials 
presented  by  USSR  and  GDR  specialists. 

The  first  section  of  the  book  presents  current  views  on  the  role  of 
subsatellite  research  in  the  development  of  remote  methods  of  studying  the 
earth,  including  satellite  oceanography.  The  contents  of  this  section  were 
prepared  by  USSR  specialists  (1.1,  1.2  and  1.4  by  I.F.  Berestovskiy , 
Goskomgidromet ,  and  S.V.  Viktorov,  LO  GOIN,  and  1.3  by  S.V.  Viktorov). 

The  second  section  contains  information  on  the  goals  and  tasks  of  the 
international  experiment,  the  complement  of  measurement  devices  on  the 
satellites,  airplane  laboratories  and  the  research  vessel.  This  section 
presents  the  overall  concept  of  the  organization  of  synchronous  measurement 
of  radiative  and  thermodynamic  sea  temperatures  and  water-mass  optical 
characteristics,  as  well  as  additional  oceanographic  and  meteorological 
characteristics  in  the  visible  and  infrared  bands  synchronously  with  the 
satellite  measurements.  The  control  system  of  the  complex  experiment  is 
described,  and  the  distinguishing  features  of  executing  the  experiment  are 
discussed.  The  authors  of  this  section  are  I.F.  Berestovskiy,  S.V. 
Viktorov,  V.V.  Vinogradov  and  V.A.  Gashko  (LO  GOIN);  H.-J.  Brosin  (IM  GDR 
AS)  and  Yu. A.  Doronina  (2.5)  (LO  GOIN). 

The  third  section  is  devoted  to  the  problem  of  using  the  primary  data 
obtained  from  the  complex  subsatellite  research.  The  problems  discussed 
Involve  the  accumulation,  storage,  prelimary  processing  and  presentation  of 
the  oceanographic  information  in  the  format  of  the  LO  GOIN  data  bank,  in 
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which  some  data  obtained  from  the  experiment  were  entered.  This  section 
was  prepared  by  I. A.  Bychkova,  S.V.  Viktorov,  V.V.  Vinogradov,  Yu. A. 
Doronina,  V.Yu.  Lobanov,  Ye.V.  Polyakov  and  O.V.  Reshetova  (LO  COIN). 

The  results  of  the  complex  research  on  the  suspended-matter  and  chlorophyll 
contents  and  on  the  hydrooptical  characteristics  of  the  waters  of  the 
central  Baltic  Sea  are  presented  in  the  fourth  section.  This  section  also 
includes  data  on  the  optical  characteristics  of  the  atmosphere  during  the 
experiment.  This  section  Is  presented  by  GDR  and  USSR  specialists  (4.1, 

H. -J.  Brosln  and  H.  Siegel,  IM  GDR  AS;  4.2,  H.  Siegel  and  H.-J.  Brosin; 

4.3,  V.A.  Gashko,  LO  GOIN;  4.4,  M.  Weller  and  U.  Leiterer,  Lindenberg 
Aerological  Observatory,  and  4.5,  S.V.  Viktorov). 

The  fifth  section  presents  the  results  of  the  complex  investigation  of  the 
Baltic  Sea  temperature  field,  based  on  the  joint  use  of  satellite,  aircraft 
and  vessel  data  obtained  during  the  joint  experiment.  The  following  people 
prepared  this  section:  H.-J.  Brosln  (5.1);  I. A.  Bychkova,  S.V.  Viktorov, 
and  V.V.  Vinogradov  (5.2,  5.3,  5.5  and  5.6);  Yu. A.  Doronina  (5.3)  and  L.I. 
Koprova,  GosNITsIPR  (5.4,  5.6). 

A  summary  of  the  First  Subsatellite  Oceanographic  Experiment  of  the  USSR 
and  GDR  in  the  Baltic  Sea  is  given  in  the  concluding  section,  prepared  by 
S.V.  Viktorov. 

The  authors  wish  to  thank  GosNITsIPR,  the  crew  of  the  research  vessel  A.  v. 
Humboldt  (captain  G.  Herzig),  the  crew  of  the  11-14  airplane  (commander 
O.V.  Sotnlkov)  and  the  crew  of  the  An-30  airplane  (commander  F.R. 
Vishnevskiy) ,  as  well  as  to  the  collectives  of  a  number  of  organizations 
which  took  part  in  preparing  the  complex  subsatellite  experiment  and  which 
assisted  in  its  successful  execution. 

I.  The  Role  of  Subsatellite  Research  in  the  Development  of  Methods  of 
Remotely  Sensing  the  Earth  and  the  World  Ocean 

The  present  stage  of  development  of  satellite  natural  science  (earth 
science)  is  characterized  by  the  need  to  use  auxiliary  (reference  and 
apriorl)  information  in  the  processing  and  interpretation  of  satellite 
data.  Therefore,  a  satellite  system  of  studying  the  natural  resources  of 
the  earth  and  the  world  ocean  must  Include  a  subsystem  for  collecting  this 
auxiliary  information.  Since  this  subsystem  is  itself  quite  complicated, 
we  will  also  refer  to  it  below  as  a  system. 

1.1.  Structure  of  the  System  of  Subsatellite  Measurements  and  Observations 

The  satellite  data  for  each  Individual  sample  unit  (or  some  combination  of 
these  units)  contains  information  both  on  the  type  of  the  natural  subject 
linked  with  this  unit  and  on  the  characteristics  of  its  physical  state. 

The  task  of  Interpretation  is  reduced  to  finding  a  data-transformation 
function  which  has  as  its  values  the  unknown  characteristics  of  the 
subject.  The  arguments  of  these  functions,  besides  the  spectral 
brightnesses  measured  by  satellite,  in  the  overwhelming  majority  of  cases 
also  are  either:  1)  certain  values  of  the  characteristics  of  the  subjects 
themselves  or  of  the  surrounding  environment  or  2)  values  specified  apriori 
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or  collected  from  special  platforms  while  the  satellite  survey  is  In 
progress. 

Thus,  the  tasks  of  interpreting  the  data  of  remote  measurements  are  most 
often  malposed  problems.  This  situation  necessitates  that  additional  data, 
different  for  different  processing  tasks,  must  be  obtained.  For  example, 
for  precise  spatial  location,  one  must  have  the  geodesic  coordinates  of  the 
contour  points;  for  taking  into  account  the  influence  of  the  atmosphere, 
certain  parameters  of  atmospheric  conditions;  for  solving  recognition 
tasks,  data  on  test  areas,  etc. 

Compared  with  other  directions  of  satellite  earth  science,  the  use  of 
information  from  airborne  and  seaborne  reference— data  platforms  in 
satellite  oceanography  is  very  specific  in  nature.  Presently,  the 
organization  and  execution  of  complex  experimental  research  on  special 
sites  overflown  by  satellites  is  important  from  the  point  of  view  of 
developing  methods  of  thematically  Interpreting  satellite  Information  and 
determining  the  conditions  which  limit  or  prevent  the  obtaining  of 
information  of  specified  precision.  The  primary  task  of  this  research  is 
to  develop  the  optimum  methodology  for  performing  observations  on 
subsatellite  routes  using  airborne,  vessel  and  fixed  test-site  means, 
including  research  on  the  problem  of  the  combined  use  of  different— scale 
measurements.  Once  the  methodology  has  been  developed  and  accepted, 
regular  complex  reference  measurements  can  be  made. 

In  the  general  case,  the  system  of  subsatellite  measurements  and 
observations  must  Include  a  bank  of  reference  and  aprlorl  Information  and 
the  technical  means  for  collecting  airborne  and  surface— level  reference 
data,  as  well  as  communications  lines  between  the  system  components.  To  a 
certain  degree,  these  elements  are  also  present  in  the  structure  of  the 
complex  subsatellite  experiments. 

1.2.  Subsatellite  Information  Bank 

The  bank  of  reference  and  apriorl  Information  consists  of  a  data  bank  [DB] 
and  its  control  system. 

Here,  apriori  information  is  understood  to  be  information  obtained  outside 
the  satellite  system,  as  a  rule,  before  the  satellite  survey.  Reference 
information  is  the  combined  results  of  synchronous  (or  quasi synchronous) 
measurements  auxiliary  to  the  satellite  survey  and  taken  from  airplanes , 
vessels  or  other  mobile  measurement— device  platforms  and  from  stationary 
means  located  on  or  near  the  water  surface.  The  DB  can  contain; 
cartographic  data,  statistical  data,  measurement-device  characteristics; 
aerial  photographic  surveys  and  selected  satellite  photographs,  actual 
measurements  (made  synchronously  with  the  satellite  survey)  of 
environmental  parameters  at  individual  points  on  the  earth’s  surface  etc. 

A  characteristic  of  the  bank  of  apriori  and  reference  data  is. the 
Interaction  of  two  information  flows;  satellite  and  auxiliary.  Naturally, 
the  DB  must  consist  of  fixed  and  transient  (operational)  parts.  The 
data-bank  structure  must  permit  both  rapid  exchange  of  Information  between 
DB  parts  and  rapid  access  to  the  DB  by  the  main  processor  of  the  processing 
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subsystem,  including  in  the  interactive  mode,  based  on  "interpreter- 
computer”  interaction. 

For  specificity,  we  will  discuss  the  DB  Information  content  using  the 
example  of  processing  satellite  IR  radiometric  information  for  determining 
the  sea-surface  temperature  field  [13].  The  fixed  part  of  the  DB  might 
contain: 

data  of  laboratory  calibrations  of  onboard  equipment; 

information  corresponding  to  the  coastline  chart,  the  degree  of  detail  of 
which  depends  on  how  precisely  the  satellite  measurement  data,  the 
water-body  region  etc.  are  geographically  located; 

tables  of  radiation  corrections  corresponding  to  various  atmospheric  models 
and  depending  on  the  season,  time  period  and  region  of  the  measurement; 

the  levels  of  discrimination  of  the  cloud  cover; 

information  on  the  temperature  measured  during  the  previous  session;  data 
on  the  cloudiness  trend;  a  set  of  histograms  corresponding  to  various 
cloudiness  situations  for  the  given  set  of  measurement  points,  as  well  as 
elements  of  the  videoinformation  structure  for  the  given  region; 

tables  of  average  seasonal  (monthly)  temperatures,  data  on  measured 
temperatures  during  previous  sessions  and  data  on  temperature  trends  and 
gradients; 

a  set  of  formulas  for  converting  from  the  sea  surface  temperature  Tgg  to 
the  sea  surface-layer  temperature  Tggj,  corresponding  to  various  seasons, 
measurement  periods  and  regions; 

the  coordinates  of  sites  where,  in  particular,  reference  measurements  of 
Tgg  and  Tgg]_  are  being  made  and 

contour  maps  of  various  regions  of  the  world  ocean,  blanks  of 
output-information  tables,  the  numbers  of  conditional  colors  (in  the  case 
of  Information  presented  in  this  form)  as  well  as  conditional  addresses  of 
the  consumers  receiving  the  information  in  various  forms. 

The  operational  part  of  the  DB  might  contain  the  results  of  measurements  of 
Tgg  and  Tggj^  made  by  buoys  and  vessels  synchronously  with  the  satellite 
overflight,  aerologlcal  atmosphere-sounding  data  etc.  The  arbitrary  nature 
of  the  division  of  the  DB  into  two  parts  is  based  on  the  fact  that  some  of 
the  information  over  time  is  transferred  from  the  operational  part  into  the 
fixed  part.  For  example,  data  on  the  temperature  after  the  n-th  session  is 
transferred  from  the  operational  part  of  the  DB  into  the  fixed  part  before 
the  Information  of  the  (n+l)-th  session  is  processed. 

The  effectiveness  of  overall  satellite-system  operation  is  greatly 
determined  by  the  fullness  of  the  cartographic  information  provided  in  the 
DB.  The  DB  cartographic  information  consists  of:  general  geographic  maps, 
bathymetric  charts,  hydrological  (hydrographic)  characteristics  etc.  This 
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Involves  such  complicated  problems  as:  1)  determining  the  types  and  content 
of  the  cartographic  data,  2)  determining  the  precision,  as  well  as  the 
amount  of  detail,  used  to  represent  the  thematic  load  on  the  maps,  3) 
developing  fotms  of  map  representation  suitable  for  storage  and  use  In 
digital  form  and  4)  developing  new  types  of  charts,  for  example,  reflecting 
the  distinguishing  spectral  features  of  the  surface  In  various  frequency 
bands. 

The  establishment  of  banks  of  satellite  and  reference  Information  Is  a 
complicated  scientific-technical  and  production  task.  It  la  possible  that 
one  of  the  main  ways  to  establish  these  banks  for  oceanographic  data  Is  to 
organize  banks  on  a  regional  basis.  In  this  case,  the  banks  must  be 
standardized  to  ensure  the  exchangeability  of  data  between  the  regional 
banks.  Chapter  3  describes  the  format  of  such  a  data  bank  developed  by  LO 
COIN  for  the  Baltic  Sea. 

1.3.  Airborne  Means  for  Gathering  Reference  Oceanographic  Information 

In  accordance  with  the  concept  developed  at  the  Laboratory  of  Satellite 
Oceanography  And  Aerial  Methods  of  LO  GOIN,  airborne  equipment  systems  for 
measuring  oceanographic  characteristics  must  be  considered,  on  the  one 
hand,  as  part' of  the  system  of  gathering  subsatelllte  reference  Information 
and,  on  the  other  hand,  as  an  Independent  Instrinaent  for  determining  the 
condition  of  the  sea  surface. 

Main  Types  of  Airborne  Information  Measurement  Systems.  The  following 
types  of  airborne  Information-measurement  systems  for  determining 
oceanographic  characteristics  can  be  distinguished  with  respect  to  purpose, 
content  and  distinguishing  features:  1)  experimental  systems,  2)  operating 
systems  and  3)  satellite  auxiliary  systems. 

Experimental  airborne  systems  are  designed  to  develop  new  means  and  methods 
of  obtaining  oceanographic  Information.  Experimental  systems  must  be 
constructed  on  the  basis  of  a  universal  Information-processing  system  with 
flexible  programs  which  permit  various  sensors  to  be  connected  to  the 
system  and  which  permit  various  sensor  arrangements.  These  systems  are 
characterised  by:  broad  ranges  of  sensor  characteristics,  a  certain 
redundancy  of  i:iea8urement  means  and  excessive  volumes  of  Information.  The 
airborne  platforms  for  experimental  systems  must  be  aircraft  with  wide 
ranges  of  altitude  and  speed. 

Research  using  airborne  Information-measurement  systems  of  this  type 
Involves:  1)  determining  the  spatial,  temporal  and  spectral  chairacterlstlcs 
of  the  research  subjects;  2)  developing  methods  of  taking  measurements;  3) 
selecting 'the  optimum  sensors  and  spectral  ranges  etc.  There  cannot  be  a 
great  number  6f  such  airborne  oceanographic  laboratories:  by  nature,  these 
are  Unique  systems.  The  research  results  are  used  to  develop  measurement 
means  and  automated  Information-storage  and  -preprocessing  devices  fof 
operating  systems. 

Operating  airborne  systems  are  designed  to  obtain  operational  and  long-term 
Informatldn  on  the  sea  state  for  direct  use  In  various  economic  sectors  and 
environmental-monitoring  organizations .  The  types,  volumes  and  forms  of 
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representation  of  this  information  are  determined  on  the  basis  of 
agreements  with  specific  consumers.  The  airborne  platforms  for  this  type 
of  system  are  specially  equipped  standard  airplanes  and  helicopters. 

Satellite  auxiliary  airborne  systems  must  be  a  satellite-system  component 
designed  to  determine  oceanographic  parameters.  It  should  be  noted  that  a 
number  of  works  [3,  21,  27]  are  devoted  to  general  problems  of  using 
aircraft  to  solve  problems  of  remote  sensing  of  the  earth  from  space. 
However,  several  problems  specific  to  satellite  oceanography  have  not  been 
sufficiently  investigated.  The  exceptional  dynamic  nature  of  the  subject 
(namely,  the  world  ocean),  the  wide  ranges  of  its  characteristics  and  the 
difficulties  of  organizing  subsatellite  measurements  manifoldly  complicate 
the  overall  interaction  scheme  and  the  measurement-means  structure  in  the 
satellite-alrplane-test  area  system  for  satellite  oceanography.  Moreover, 
in  our  opinion,  it  is  namely  in  this  application  that  the  role  of  airborne 
information-measurement  systems  is  most  significant. 

Because  of  the  novelty  of  the  task  of  integrating  airborne  and  spaceborne 
means  of  measuring  the  characteristics  of  the  world-ocean  surface  and  the 
atmosphere,  satellite  auxiliary  airborne  systems  are  closer  to  experimental 
systems  than  to  operating  systems  with  respect  to  their  tactical-technical 
characteristics . 

The  use  of  satellite  auxiliary  airborne  systems  can  be  arbitrarily  divided 
into  a  number  of  stages.  In  the  first  stage,  using  airborne  platforms, 
measurement  means  are  developed  which  can  be  used  as  individual  sensors  in 
the  on-satellite  equipment.  In  the  second  stage,  airborne  information- 
measurement  systems  perform  mass  measurements  on  the  satellite  tracks 
(sites)  in  various  synoptic  situations,  for  various  sea  states,  for  various 
water  areas  and  during  different  seasons. 

This  same  procedure  is  used  to  accumulate  synchronous  and  quaslsynchronous 
information  and  to  establish  data  banks  for  the  development  of  decoding 
algorithms  and  the  Interpretation  of  satellite  information  by  different 
economic  sectors.  For  airborne  systems  to  effectively  function  in  this 
stage,  they  and  the  onboard  satellite  systems  must  have  a  reasonable 
compatabllity  of  frequency,  spatial  and  temporal  characteristics.  The  main 
requirement  for  airborne  satellite  auxiliary  systems  in  this  stage  is  to 
make  it  possible  to  restore  values  of  primary  oceanographic  parameters  most 

adequately  to  their  true  values  at  the  moment  (Interval)  of  satellite 

measurement. 

Using  the  information  obtained  from  airborne  systems,  the  satellite 
information  is  critically  analyzed,  spurious  measurements  are  rejected,  the 
algorithms  for  processing  and  Interpreting  the  Information  are  refined, 
corrections  are  Introduced  etc.  As  the  system  of  surface-level  processing 
means  is  developed  and  as  satellite  onboard  measurement  means  are  Improved, 
the  role  of  airborne  auxiliary  systems  probably  will  decline.  In  future 
stages,  airborne  auxiliary  means,  presumably,  will  be  used  to  collect 

information  in  a  limited  number  of  test  areas  in  ground-truth  sites  and  to 

solve  "supplemental-investigation  problems." 
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This  last  term  requires  explanation,  A  situation  can  be  envisioned  in 
which  the  system  of  satellite  onboard  measurement  means  and  the  ground 
system  of  processing  and  interpreting  the  Information  do  not  permit  a 
unique  judgment  on  the  nature  of  one  or  another  anomaly  on  the  world  ocean 
surface.  In  this  situation,  additional,  more  detailed  measurements  must  be 
made  using  an  Independent  equipment  system.  This  supplemental  investigation 
should  be  done  using  airborne  information-measurement  systems. 

Requirements  for  Aircraft  Platforms  for  Oceanographic  Research.  Due  to  the 
nature  of  the  task  of  modern  aerial  oceanography,  taking  into  account  the 
tasks  of  supporting  satellite  oceanographic  systems,  aircraft  platforms 
have  the  following  requirements: 

flight  range:  sea  version,  3000-5000  km;  ocean  version,  10,000-20,000  km; 
working  altitude  range,  200-2000  m; 
stable  operating  speed,  250-400  km/h; 
payload,  5-10  t; 

available  power-supply  capacity,  10-20  kW; 
working  area  in  cabin,  30-40  m^; 

the  presence  of  additional  hatches,  in  particular,  with  plane-parallel 
optical  windows  which  permit  a  pressure  drop  to  be  maintained; 

in  order  to  protect  equipment  and  glass  from  contamination  and  damage 
during  takeoff,  landing  and  taxiing,  the  hatches  must  have  external 
protective  doors; 

some  hatches  must  have  windows  transparent  in  the  infrared  and  radio 
frequency  brands; 

the  presence  of  special  devices  for  ejecting  floats,  buoys  and  disposable 
in  situ  sensors  of  oceanographic  characteristics; 

the  presence  of  a  special  room  for  a  photographic  darkroom  and 

in  order  to  improve  the  precision  of  determining  the  current  coordinates  in 
the  absence  of  ground  beacons  in  flight  over  open  ocean,  the  aircraft 
platform  must  have  special  equipment,  including  an  inertial  navigation 
system,  a  navigation  computer  and  long-distance  navigation-system  displays. 

Researchers  presently  have  no  universal  platforms  which  fully  satisfy  all 
these  requirements. 

Three  types  of  airplanes  are  used  in  joint  natural-resource  research 
programs  using  airborne  laboratories;  each  type  solves  a  limited  sphere  of 
tasks  (Table  1.1)  in  accordance  with  its  classification  [33]. 
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Table  1.1.  Classification  of  Airplanes  Used  for  Natural-Resource  Research 


Parameter 

medium 

Type  of  airplane 

heavy  high-altitude 

Celling,  km 

8-12 

10-14 

20-25 

Endurance ,  h 

4-6 

8-10 

4-6 

Load ,  t 

2-3 

6-10 

1 

Equipment  power  consumption,  kW 

4-5 

8-10 

2-4 

Number  of  operators 

5-8 

15-20 

1-2 

The  medium-type  airplane  mainly  is 

called  upon 

to  solve  the 

sphere  of  tasks 

involving  the  development  of  opticophysical  and  to  some  extent 
radiophysical  methods  and  means  of  remote  sensing  and  to  perform 
experiments  at  low  altitudes  (300-500  m)  over  limited  areas  or  limited 
test-area  lengths. 

Heavy  airborne  laboratories  are  designed  for  the  practical  solution  of  all 
scientific-experimental  tasks  performed  by  aircraft  in  aerial-satellite 
research.  Such  an  airplane  must  be  equipped  with  all  types  of  scientific 
equipment,  be  able  to  provide  for  testing  and  development  of  this  equipment 
and  provide  for  the  execution  of  complex  research  over  a  wide  range  of 
wavelengths. 

High-altitude  airplanes  must  be  able  to  provide  for  experimental  measurements 
and  photographs  throughout  practically  the  entire  atmospheric  layer  [33]. 

Foreign  and  Domestic  Aircraft  Systems  for  Studying  the  Earth's  Natural 
Resources.  The  characteristics  of  several  foreign  airborne  systems  used 
for  studying  the  earth's  natural  resources  (including  those  of  the  world 
ocean)  are  given  in  Table  1.2,  which  was  constructed  from  information  given 
in  [33].  The  data  in  this  table  show  the  wide  variety  of  characteristics 
of  aircraft  platforms,  special  equipment  and  scientific  equipment. 

In  our  country,  the  main  aircraft  platforms  for  equipment  systems  to  study 
the  earth's  natural  resources  are  the  11-14,  11-18  and  An-30  [1,  2,  12]. 

The  aerial-photography  and  special  versions  of  the  An-30  have  the  most 
modern  equipment. 

Main  Characteristics  of  the  An-30  Airplane  [35] 


Maximum  takeoff  weight  .  23,000  kg 

Cruising  speed .  430  km/h 

Practical  range .  2360  km 

Practical  ceiling  .  8000  m 

Stall  speed .  195  km/h 

Takeoff  distance  (to  an  altitude  of  15  m)  1240  m 

Landing  run .  660  m 
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Table  1.2.  Characteristics  of  Several  Foreign  Aircraft  Systems  for 
Studying  the  Earth's  Natural  Resources  [33] 
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Key; 


1.  Type  of  airplane 

2.  Total  flying  weight,  kg 

3.  Weight  of  scientific  equipment,  kg 

4.  Minimum  speed,  km/h 

5.  Range,  km 

6.  Practical  celling,  m 

7.  Scientific  equipment 

8.  Flight  duration,  h 

9.  Notes 

10.  Grumman  OV-1  Mohawk 

11.  Learjet-36-A 

12.  Superking  AIR-200 

13.  Fokker  27  MK-400 

14.  Lockheed  NASA-927 

15.  Lockheed  NASA-929* 

16.  E-Systems  L-450 

17.  RB-57-F 

18.  Lockheed  U-2 

19.  MAC,  airborne  radar 

20.  aerial-camera  system 

21.  aerial-camera  system 

22.  MAC  (4),  airborne  radar  1.8  cm,  optical  spectrometers,  IR 
spectrometers,  IR  radiometers,  3  scatterometers,  microwave  scanners 

23.  MAC  (6),  camera,  IR  scanner  with  capture  angle  of  130°,  IR 
spectrometer  6-13  jum,  IR  radiometer  10-12 

24.  aerial  camera 

25.  Fleet  of  365  planes 

26.  5  versions 

27.  Special  version  for  Geographic  Institute 

28.  Automated  navigation  inertial  system 

29.  Remote-controlled  glider  with  a  radius  of  400  km 

30.  Equipment  in  gondola 

31.  Gyrostabilized  platform  for  aerial  camera 

32.  Note.  MAC  stands  for  multispectral  aerial  camera  (number  in 
parentheses  indicates  the  number  of  bands) 

33.  *This  type  of  airplane  is  also  known  as  the  NS-130  V  (RS-130). 

34.  **Crulsing  speed 

There  are  three  glass-covered  photographic  hatches  for  plane  aerial 
photography  and  two  photographic  hatches  for  perspective  aerial 
photography.  The  fuselage  has  external  sliding  covers  to  protect  the 
glass.  The  airplane  is  equipped  with  a  darkroom.  The  aerial  camera  has  a 
gyro-stabilized  mounting. 

There  is  a  specially  developed  pilotlng-navlgation  equipment  system 
consisting  of  a  directional  system  with  an  astrocompass,  a  Doppler 
navigator,  a  navigational  digital  computer  and  an  autopilot  with  an 
automatic  turn  device.  This  system  can  be  used  to  automate  a  flight  route 
and  also  to  automate  the  approaches  to  subsequent  routes  [33]. 

In  a  number  of  cases,  helicopters  are  convenient  for  collecting 
subsatellite  reference  data.  While  airplanes  are  mainly  used  to  collect 
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instantaneous  characteristics  of  various  types  of  natural  subjects  over 
large  areas,  the  helicopter,  due  to  its  capability  of  hovering  over  a 
natural  subject,  when  equipped  with  measurement  equipment  can  be  used  to 
collect  either  instantaneous  or  dynamic  characteristics  of  a  limited  area 
from  various  altitudes. 

In  all  cases,  the  set  of  measured  parameters,  the  volume  of  data  and  the 
content  of  the  measurement  equipment  are  determined  by  the  contents  of  the 
specific  remote-sensing  task.  For  example,  the  equipment  on  GosNITsIPR^s 
An-30  laboratory  airplane  contains  an  MKF-6  multispectral  camera,  a 
television,  various  spectrometers  and  radiometers,  a  set  of  aerial  cameras 
and  other  equipment. 

The  11-14  airplane  which  is  part  of  LO  GOIN’s  specialized  oceanographic 
equipment  system  has  several  aerial  cameras  with  various  focal  lengths;  a 
set  of  IR  radiometers  for  determining  the  water  surface  temperature;  a 
thermohygrometer,  which  determines  the  air  temperature  and  humidity  at  the 
flight  altitude;  an  IR  lidar  for  mapping  oil  slicks  on  the  sea  surface;  a 
spectrophotometer  for  determining  the  spectral  brightness  of  the  sea  and 
other  equipment.  A  television  system  is  used  for  observation  and 
operational  documentation  of  water-surface  phenomena. 

1.4.  Collection  of  Surface-Level  Reference  Data 

The  value  of  surface  measurements  is  their  reliability  and  precision. 
However,  they  can  cover  only  small  areas  of  the  earth^s  surface.  As  a 
rule,  surface  measurements  are  made  on  constant,  preselected  test  areas  of 
surface-truth  sites  [STSs],  and  the  latter  have  special  requirements.  With 
regard  to  land  research,  the  STS  is  a  limited  area  which  is  physico- 
geographically  representative  of  a  given  zone.  The  site  contains  a  typical 
range  of  natural  systems  both  in  the  natural  state  and  altered  by  man.  The 
STS  territory  must  be  easily  accessible  for  examination  by  expeditions  and 
must  be  well  documented  with  cartographic  information  and  aerial 
photographs.  A  necessary  requirement  for  any  site  is  that  it  contain 
so-called  test  areas,  in  which  detailed  stationary  or  semistationary 
research  on  natural  subjects  can  be  carried  out.  These  test  areas  serve  as 
the  basis  for  performing  the  necessary  methodological  work  of  identifying 
natural  subjects  and  studying  their  properties  based  on  comparing  various 
types  of  remote-sensing  data  with  direct  surface  measurement  data.  Test 
areas  must  be  representative  of  the  physico-geographic  conditions  for  a 
given  STS  so  that  the  results  obtained  can  be  extrapolated  to  the  entire 
site.  These  areas  must  have  the  optimum  dimensions:  on  the  one  hand,  so 
that  their  characteristic  features  can  be  reflected  on  the  small-scale 
satellite  photographs  used  in  the  work  and,  on  the  other  hand,  so  that 
detailed  surface  investigation  can  be  carried  out.  The  specific  dimensions 
of  each  test  area  in  each  specific  case  depend  on  the  task  posed  in  the 
subsatellite  experiment. 

In  light  of  the  great  temporal  variability  of  oceanographic 
characteristics,  the  problems  of  collecting  reference  information  at  sea 
have  distinguishing  features.  The  general  principles  of  organizing 
oceanographic  aerial-satellite  sites  have  been  discussed,  in  particular,  in 
[5,  6,  9,  10,  17].  Information  obtained  from  sites  and  stored  in  data 


13 


banks  should  be  used  primarily  for  developing  and  Improving  methods  of 
thematically  Interpreting  satellite  Information.  Moreover,  the  large 
volume  of  regularly  obtained  natural-resource  and  hydrometeorological 
Information  makes  It  possible  to  consider  subsatellite  sites  as  independent 
means  of  collecting  long-term  information. 

It  should  be  kept  In  mind  that  the  statement  itself  of  the  problem  of 
executing  subsatellite  (airborne  and  surface)  measurements  is  correct  only 
In  that  case  when  the  airborne  and  surface-level  Information  Is 
"compatible”  with  the  satellite  information  and  can  be  effectively  used  In 
the  analysis  and  Interpretation  of  the  latter. 

In  order  to  ensure  this  compatibility,  a  number  of  requirements  must  be 
fulfilled; 

synchronism  (or  quasi-synchronism)  of  obtaining  all  types  of  information; 
metrological  unity  of  all  types  of  measurements; 

representativeness  of  surface  and  airborne  measurements  with  regard  to  the 
territory  covered  by  the  satellite  survey; 

comparability  of  scales  and  resolution  of  all  types  of  measurements  and 

timeliness  of  delivering  airborne  and  surface  Information  to  the 
satellite-information  processing  centers. 

The  requirement  of  synchronism  Is  Important  In  the  study  of  dynamic 
(rapidly  changing)  parameters  of  natural  formations  and  phenomena.  The 
requirements  for  synchronism  of  Information  collection  are  especially 
strict  In  research  on  sea  and  ocean  surfaces,  due  to  their  great  temporal 
variability. 

Great  attention  must  be  given  to  problems  of  metrological  control  of  all  In 
situ  and  remote  measurements,  including  satellite  and  on-slte  measurements. 
In  order  to  ensure  the  unity,  reliability  and  precision  of  measurements, 
the  theoretical  metrological  fundamentals  of  the  remote  determination  of 
natural-medium  parameters  must  be  developed.  Metrological  control  of 
measurements  made  by  surface,  airborne  and  satellite  equipment  Is  one  of 
the  basic  and  most  complicated  requirements.  In  order  to  fulfill  this 
requirement,  the  electrical  scales  and  spectral  channels  of  the  equipment 
must  be  mutually  coordinated  using  standardized  test  stands  and  standards 
with  standardized  methodology.  The  failure  to  fulfill  this  requirement 
leads  to  a  situation  where  the  satellite,  airborne  and  surface  measurements 
are  only  qualitatively  comparable  In  a  number  of  cases ,  and  some  of  the 
collected  Information  is  not  used. 

Standard  automated  Information-measurement  systems,  described  in  [22], 
provide  for:  1)  proper  operation  of  the  system  of  collecting  and 
preprocessing  the  measurements  on  surface-truth  sites  and  test  areas  and  2) 
the  transmission  of  these  data  to  regional  processing  centers.  These 
systems  can  perform  regular  measurements,  quasl-synchronous  with  the 
airborne/satellite  measurements,  of  parameters  of  a  natural  medium  on  test 
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areas  and  transmit  these  data  by  radio  through  satellites  or  standard 
communications  channels  to  the  processing  centers#  In  the  future,  the  wide 
use  of  standard  systems  consisting  of  several  local  observation  nodes,  a 
ground  station  and  an  airborne  observation  station  during  complex 
subsatellite  experiments  should  make  it  possible  to  better  fulfill  the 
above  requirements  for  airborne  and  ground~level  observations. 

In  April,  1982,  USSR  and  GDR  specialists  conducted  a  complex  subsatellite 
oceanographic  experinient  on  a  region  of  Baltic  Sea.  This  experiment  used 
airplaines  at  medium  and  low  altitudes  for  determining  the  oceanographic 
parameters.  Sea  and  atmospheric  characteristics  were  measured  from  a 
research  vessel.  The  data  of  coastal  stations  and  aerological  sounding 
stations  were  used.  Synchronous  satellite  photographs  and  subsatellite 
measurements  and  observations  obtained  as  a  result  of  the  experiments  were 
used,  in  particular,  to  develop  a  methodology  for  collecting  reference 
oceanographic  information. 

2.  Basic  Information  on  the  Complex  Subsatellite  Oceanographic  Experiment 
2.1.  Goals  and  Tasks  of  the  Experiment 
Goals  of  the  Experiment 

1.  To  develop  elements  of  the  technological  system  of  Interaction  between 
the  airborne,  vessel  and  satellite  means  within  the  framework  of  the 
complex  oceanographic  subsatellite  experlinent . 

2.  To  obtain  data  of  synchronous  and  quasl-synchronous  airborne,  vessel 
and  satellite  measurements  and  observations  necessary  for  the  development 
of  preliminary  methodological  recommendations  to  determine  the  content  of 
suspended  matter  in  the  seawater  and  to  refine  the  methods  for  determining 
the  sea  surface  temperature  from  satellite  measurements. 


3.  To  perform  methodological  work  on  the  comparative  analysis  of  sea 
surface  Images  obtained  from  Meteor-Priroda  satellites  (medium-  and 
high-resolution)  and  Images  obtained  from  an  airplane  laboratory  using  an 
MKF-6M  multlspectral  camera. 

Basl6  Tasks  of  the  Experiment 

1.  To  experimentally  develop  a  method  of  making  vessel  and  airborne 
measurements  within  the  fratiiework  of  the  synchronous  complex  subsatellite 
experiment. 

2.  To  evaluate  the  suitability  of  the  selected  working  region  and  time 
interval  for  performing  the  complex  subsatellite  experiment,  taking  into 
account  the  actual  organizational-technical  conditions  of  experiment 
execution. 

3.  To  prepare  the  staff  of  the  bperatlng  experiment-control  group,  the 
crews  of  the  ship  and  airplane  and  the  operators  of  the  vessel  and  airborne 
scientific  equipment  to  make  the  synchronous  subsatellite  measurements  and 
observations  within  the  framework  of  the  complek  experiment. 
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4.  To  make  complex  synchronous  and  quasl-synchronous  measurements  of 
hydrooptlcal  characteristics  of  the  Baltic  Sea  waters  In  the  experiment 
region  and  the  atmospheric  characteristics  from  the  vessel  and  the 
airplanes,  including  the  taking  of  aerial  photographs  of  the  sea  surface 
using  a  multlspectral  camera.  The  measurement  results  will  be  used  In  the 
following  research  and  development: 

developing,  verifying  and  perfecting  methodological  recommendations  for 
determining  the  content  of  suspended  matter  in  seawater  based  on  airborne 
and  satellite  measurements; 

performing  methodological  work  on  comparing  the  Information  content  of  sea 
surface  Images  obtained  from  a  satellite  and  Images  obtained  from  an 
airplane  using  an  MKF-6M  multlspectral  camera; 

studying  the  space-time  variability  and  spectrum  variability  of  the 
radiation  brightness  of  the  sea  In  the  region  being  studied; 

studying  the  correlations  between  the  hydrooptlcal  parameters  affecting  the 
formation  of  sea  radiation  (Irradlance  from  above  and  below,  attenuation 
Index,  scattering  Index  in  a  given  direction  and  brightness  coefficient  of 
the  sea  layer); 

determining  the  color  Indexes  and  spectral  brightness  contrasts  of  the  sea 
surface  In  the  region  being  studied;  determining  the  factors  affecting  the 
variability  of  these  values; 

studying  the  Influence  of  atmospheric  factors  on  the  variability  of  the 
brightness  spectrum  of  the  radiation  ascending  from  the  sea  surface; 

obtaining  correlations  between  the  concentrations  of  mineral  and  organic 
suspended  matter  and  the  ascending-radiation  spectrum;  and 

studying  the  variability  of  the  chlorophyll  and  suspended-matter  contents 
and  the  link  between  this  variability  and  water-mass  dynamics. 

5.  To  make  complex  synchronous  and  quasl-synchronous  measurements  of 
Baltic  Sea  water  temperature  In  the  experiment  region  and  of  atmospheric 
characteristics  from  vessel  and  airplane.  The  measurements  will  be  used  to 
perform  the  following  research  and  development: 

developing,  verifying  and  perfecting  methodological  recommendations  for 
determining  the  sea  surface  temperature  from  airborne  and  satellite 
measurements; 

Interpreting  satellite  digital  maps  and  analog  Images  of  the  surface 
temperature  of  the  Baltic  Sea,  Including  an  investigation  of  the  precision 
and  reliability  of  this  Information; 

investigating  the  link  between  the  sea-surface  radiative  temperature 
measured  by  satellite  and  the  radiative  temperature  measured  by  vessel; 
determining  the  influence  of  atmospheric  factors  on  the  vessel  and 
satellite  radiation  measurements; 


16 


investigating  the  link  between  the  sea-surface  radiative  temperature 
measured  by  vessel  and  the  temperature  measured  by  in  situ  methods, 
including  measurements  from  the  surface  to  the  bottom; 

studying  the  daily  variation  in  sea-surface  temperature  based  on  in  situ 
and  remote  measurements  and 

studying  the  spatial  variability  of  the  sea-surface  temperature 
distribution  in  the  experiment  region. 

Thus,  it  is  easy  to  distinguish  the  two  component  parts  of  the  complex 
experiment:  an  optical  and  a  temperature  part,  which  are  to  a  certain 
degree  Independent. 

2.2.  Content  of  Technical  Means,  Measurements  and  Observations 

In  accordance  with  the  goals  and  tasks  of  the  experiment,  the  following 
basic  types  of  measurements  and  observations  were  made:  satellite,  airborne 
and  yesseil. 

Content  of  Satellite  Information,  In  order  to  fulfill  the  optical  part  of 
the  experiment  for  the  region  in  which  airborne  and  vessel  work  was 
performed,  radio-television  survey  data  were  obtained  from  a  two-channel 
medium— resolution  camera  and  a  Fragment  high— resolution  camera  on 
Meteor^Prlroda  satellites. 

To  fulfill  the  temperature  part  of  the  experiment,  digital  charts  and  IR 
Images  of  the  sea  surface  were  obtained  on  the  basis  of  information  from 
Meteor-2  and  NOAA  satellites. 

Technical  Means  of  the  Subsatellite  Experiment.  The  following  USSR 
equipment  was  used  in  the  experiment : 

GosNITsIPR's  An-30  airplane  laboratory,  b/n  30023,  with  an  MKF-6M 
multispectral  aerial  camera  and  an  AFA-TE-200  standard  aerial  camera 
(flight  director,  V.V.  Drabkin;  flight  operators,  V.A.  Gashko  and  L.L. 
Sukhacheva,  and  person  responsible  for  MKF-6M  survey,  M.A.  Afanasov); 

LO  coin's  11-14  airplane  laboratory,  b/n  91611,  with  an  MIR-3  IR  radiometer 
(Table  2.1)  and  an  AFA-41  standard  aerial  camera  (flight  director,  Yu.A. 
Doronina,  and  flight  operators,  O.N.  Frantsuzov  and  R.I.  Goncharova). 

The  GDR; contribution  to  the  experiment  was  the  use  of  the  A.  v.  Humboldt 
expedition  vessel  of  the  GDR  AS,  equipped  with:  a  bathometer  probe 
(temperature,  salinity  and  water  samples,  including  samples  for  determining 
chlorophyll),  an  Instrument  for  continuous  determination  of  chlorophyll,  an 
instrument  for  determining  the  angular  function  of  light  scattering,  an 
instrument  for  measuring  light  attenuation,  an  instrument  for  measuring 
irradiance,  a  spectrometer  and  a  system  for  standard  meteorological 
observations.  The  above  equipment  was  operated  by  GDR  specialists  headed 
by  H.-J.  Brosin.  Also  on  the  vessel  were  two  USSR  specialists.  Ye. P. 

Belkov  and  A.B.  Zhuravlev,  who  operated  an  equipment  system  consisting  of  a 
spectrophotometer  and  an  IR  radiometer  with  a  calibrating  device. 
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Table  2.1.  Technical  Characteristics  of  the  MIR-3  IR  Radiometer 


Radiometer  used 

Standard  radiometer 

on  vessel 
(modernized) 

used  on  airplane 

Measured  temperature  range,  ^C 

Basic  measurement  error  (with 
simulated  water  surface,  standard 

(-10)-(+32) 

(-2)-(+32) 

error),  °C  . 

0.1 

0.4 

Time  constant,  s  . 

0.5 

1.0 

Angle  of  vision,  ^  . 

2.5 

10 

Spectral  range,  nm  . 

8“12 

8-12 

Filter  type  . 

Interference 

Band-pass 

Content  of  the  Airborne  Measurements  and  Observations.  The  content  of  the 
measurements  and  observations  made  on  the  An-30  airplane  is  as  follows: 

aerial  photography  of  the  sea  surface  in  the  experiment  region  using  an 
MKF-6M  camera; 

same,  using  a  standard  aerial  camera  and 

aerial  visual  observations  of  the  sea-surface,  atmospheric  and  cloud 
conditions . 

The  content  of  measurements  and  observations  made  on  the  11-14  airplane  is 
as  follows: 

IR  measurements  of  the  sea-surface  radiative  temperature  along  routes  in 
the  experiment  region  using  an  MIR-3  radiometer; 

measurements  of  the  temperature  and  humidity  of  the  outside  air  using  a 
thermohygrometer  and 

aerial  visual  observations  of  the  sea-surface ,  atmospheric  and  cloud 
conditions. 

Content  of  Vessel  Measurements  and  Observations.  During  the  experiment,  a 
series  of  two  basic  types  of  measurements  and  observations  was  performed: 
specialized  hydrooptical  measurements  and  water-temperature  measurements, 
as  well  as  auxiliary  and  standard  measurements  and  observations. 

Hydrooptical  Measurements: 

spectral  flux  density  and  Irradiance  from  above  and  below  in  the  range 
0. 4-1.0  jLxm; 

spectral  brightness  of  the  sea; 

radiation  attenuation  index  in  the  band  0.38-0.725  ]um; 
scattering  index  in  water  of  light  with  a  wavelength  of  0.633  jum; 
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underwater  irradlance  at  0.435  jitm  or  0.545  jUm  and 

spectral  values  of  atmospheric  absorption. 

Water-Temperature  Measurements: 

radiative  temperature  of  the  sea  surface  and 

thermodynamic  temperature  of  the  water  surface  layer. 

Auxiliary  and  Standard  Measurements  and  Observations: 

For  the  correct  interpretation  of  the  results  of  the  specialized 
hydrooptlcal  and  temperature  measurements,  the  following  were  performed: 

measurements  of  the  seston  and  chlorophyll  contents  or  of  the  phaeoplgment 
content; 

meteorological  and  oceanographic  measurements  and  observations  (presence 
and  type  of  cloud  cover,  wind  direction  and  speed,  air  temperature  and 
humidity  and  sea  state)  and 

oceanographic  work  to  determine  the  vertical  temperature  distribution, 
salinity  and  density  of  the  water,  as  well  as  taking  samples  from  various 
depths  for  subsequent  laboratory  determination  of  the  suspended-particle 
content. 

The  integrated  nature  of  the  synchronous  measurements  and  observations  made 
for  the  temperature  and  optical  parts  of  the  experiment  is  described  in 
Tables  2.2  and  2.3. 

2.3.  General  Concept  of  Experiment  Organization.  Experiment  Control. 

The  present  state  of  development  of  satellite  oceanography  is  characterized 
by  the  necessity  of  performing  complex  synchronous  subsatellite 
measurements  of  a  large  number  of  parameters  of  sea-surface  and  atmospheric 
conditions.  This  is  due  to  the  incomplete  development  of  methods  of 
determining  oceanographic  parameters  from  satellite  measurement  data,  as 
well  as  to  the  necessity  of  calibrating  and  periodically  monitoring  the 
onboard  equipment . 

The  execution  of  subsatellite  ocean  and  sea  experiments  involves 
considerable  organizational  and  technical  difficulties.  These  include: 
the  necessity  of  taking  into  account  the  different  spatial  coverages  of  the 
satellite,  airborne  and  vessel  equipment,  the  considerable  difference  in 
speeds  of  the  equipment  platforms ,  problems  of  operational  control  of 
aircraft  and  vessels  etc.  At  present,  extremely  few  complex 
vessel-airborne  subsatellite  experiments  have  been  performed  in  the  world; 
in  some  experiments,  vessels  of  opportunity  were  used  rather  than  special 
vessels.  There  is  no  generally  accepted  ideology  or  technological  scheme 
for  performing  oceanographic  subsatellite  experiments. 
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Table  2.2. 


Level 

Satellite 


Airborne 


Vessel 

A.  V. 

Humboldt 


Hydro- 
graphic 
Vessels  and 
Vessels  of 
Opportunity 

Shore 


Summary  of  Measurement  Information  and  Observations  of  Various 
Levels  for  the  Temperature  Part  of  the  Experiment 

Experimental  Program 

Digital  maps  of  sea-surface  temperature 
according  to  data  from  scanning  IR  radiometers 
of  the  Nos  5  and  7  Meteor-2  satellites 

Sea-surface  images  according  to  data  from 
scanning  IR  radiometers  of  the  Nos  5,  7  and  8 
Meteor-2  satellites 

Route  measurements  (maps)  of  the  sea-surface 
temperature  according  to  data  from  an  MIR-3  IR 
radiometer  (11-14) 

Air  temperature  and  humidity  measurements 
(11-14) 

Aerial  visual  observations  of  the  atmospheric 
and  sea-surface  conditions.  Including  oil  slicks 

Measurements  of  the  sea  radiative  temperature 
using  an  IR  radiometer.  Measurements  of  the 
surface-layer  thermodynamic  temperature  using  a 
thermistor  sensor.  Measurements  of  the  water 
thermodynamic  temperature  at  a  depth  of  4.5  m 

Measurements  of  the  water  thermodynamic 
temperature  from  the  surface  to  the  bottom 

Standard  meteorological  measurements.  Standard 
oceanographic  and  meteorological  observations 
Special  observations  of  oil  slicks  on  the  sea 
surface 

Measurements  of  thermodynamic  temperature 
of  the  sea 

Standard  meteorological  measurements  and 
observations 

Aerologlcal  atmospheric  sounding  data  made  by 
near-shore  GMS^s 

Sea  temperature  measurements  at  coastal  stations 
and  observation  posts 

Standard  meteorological  measurements  at  coastal 
stations  and  observation  posts 


Auxiliary 
NOAA-6,  NOAA-7 


NOAA-6,  NOAA-7 


Images  of  sea 
surface  In 
the  IR  band 
from  television 
data  (An-30) 
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Table  2.3.  Summary  of  Measurement  Information  and  Observations  of  Various 
Levels  for  the  Optical  Part  of  the  Experiment 


Level 


Experimental  Program 


Auxiliary 


Satellite  Sea-Surface  images  obtained  using 

medium-resolution  scanners  of  the  Nos  30 
and  31  Meteor-2  satellites 


Low  resolution; 
No  8  Meteor-2 
satellite 


Airborne 


Vessel 

A.  V. 

Humboldt 


Sea-surface  Images  obtained  using  the  Fragment 
high-resolution  camera  of  the  No  30  Meteor 
satellite 

Sea-surface  Images  obtained  using  MKF-6M  and 
AFA-TE-200  cameras  (An-30) 

Aerial  visual  observations  of  atmospheric  and 
sea-surface  conditions,  including  oil  slicks^ 

Ihtiegrated  hydrooptlcal  measurements  of  sea  and 
atmospheric  parameters 

Measurements  of  the  chlorophyll  and 
suspended-particle  contents 

Standard  meteorological  measurements 

' 

Standard  oceanographic  ^aicid  meteorological 
observations 


Scientists  of  the  Baltic  countries,  includin^^he  USSR  and  GDR,  have 
produced  only  a  few  publications  discussing  individual  problems  relating  to 
the  use  of  satellite  and  alrborhe  measurement  data  f pr  studying  the 
hydrological  and  hydrochemical  conditions  of  the  Baltlx  Sea  [14,  62,  64]. 


USSR  and  GDR  organizations  are  performing  separate  methodological  work  on 
using  remote  methods  of  studying  the  Baltic  Sea  from  vessels  ahd  airplanes , 
However,  there  is  no  regular  series  of  synchronous  vessel-airborne 
subsatellite  measurements  of  the  Baltic  Sea.  \ 


In  connection  with  this,  it  was  feasible  that  USSR  and  GDR  organizations 
perform  a  series  of  joint  synchronous  complex  subsatellite  experiments  to 
develop  the  technological  elements  for  the  interaction  of  airborne  and 
vessel  equipment  and  to  obtain  experimental  data  for  the  development  and 
improvement  of  methods  of  determining  oceanographic  parameters  based  on 
aerial  and  satellite  measurements. 

When  organizing  such  an  experiment,  it  is  necessary  above  all  to  provide 
synchronous  (quasl-synchronous)  measurements  and  observations  of  sea  and 
atmospheric  parameters  by  all  types  of  equipment  platforms:  satellite, 
airborne  and  vessel.  . 
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The  following  factors  were  considered  In  selecting  the  region  for  the  first 
joint  experiment:  1)  previous  oceanographic  studies,  2)  mutual  Interest  of 
specialists  of  both  countries  In  studying  the  region,  3)  accessibility  for 
research  using  Soviet  airplanes  based  In  the  USSR  and  4)  relative  proximity 
to  the  homeport  of  the  GDR  vessel  (Rostock). 

The  USSR  and  GDR  agreed  on  the  region  In  the  vicinity  of  point  9A  (Inter¬ 
national  classification)  with  coordinates  of  lat.  56°06'  N,  long.  19°10’  E 
as  the  experiment  location.  This  station  Is  located  In  the  central  Baltic 
Sea,  In  the  southern  part  of  the  Gotland  Depression  (Fig  2.1).  This 
station  Is  one  of  the  stations  of  the  International  Baltic  Year  1969-1970. 
International  research  In  the  BOSEX  experimental  program  was  also  conducted 
In  the  area  of  this  point  In  autumn  1977.  The  station  Is  Included  In  the 
regular  long-term  oceanographic  observation  programs  of  various  scientific 
establishments  In  Baltic  countries. 


Figure  2.1.  Region  of  the  Subsatelllte  Experiment: 

1.  vessel  site 

2,  3.  position  of  the  vessel  on  23  April  1982  (2)  and  24  April  1982  (3) 
Key: 
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Stockholm 

5. 

Saaremaa  Island 

2. 

Gotland 

6. 

Riga 

3. 

Hllumaa  Island 

7. 

Klaypeda 

4. 

Tallinn 

8. 

Kaliningrad 

The  Institute  of  Oceanography,  GDR  AS,  has  been  performing  regular 
oceanographic  measurements  at  this  point  In  March,  May,  August  and  late 
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October  (early  November)  since  1969.  Also,  the  Swedish  Institute  of 
Oceanography  (Goteborg),BaltNIRKh  [Baltic  Scientific-Research  Institute  of 
Fisheries]  In  the  USSR  (Riga)  and  other  Institutions  make  regular 
nieasurements  at  this  station. 

The  conditions  at  this  station  are  considered  characteristic  of  this  part 
of  the  Baltic  Sea.  Thus,  taking  Into  account  the  previous  Study  and 
representativeness  of  this  area,  as  well  as  the  fact  that  the  position  of 
the  station  satisfies  the  above  organizational  requirements,  the  region  of 
station  9 A  was  selected  as  the  site  of  the  first  joint  complex  subsatelllte 
experiment. 

The  methodology  for  performing  the  vessel  measurements  synchronously  with 
satellite  overflight  Is  based  on  the  the  principle  of  Independent  movement 
of  the  vessel  over  a  predetermined  route  with  precise  recording  of  the  time 
of  passage  over  various  sections. 


X  3 


t  9k  ■  I 


Figure  2.2.  General  Diagram  of  the  Site  and  Location  of  the  Vessel  Stations 

1.  hydrooptlcal  station 

2.  oceanographic  and  hydrooptlcal  station 
arrows  Indicate  the  direction  of  vessel  travel 

When  planning  hhe  time  Interval  of  the  measurements',  the  requirements  of 
space-time  resolution  of  the  vessel  data  were  taken  Into  account.  These 
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requirements  stem  from  the  spatial  resolution  of  the  remote  sensors  and 
from  the  expected  space-time  variability  of  the  measured  parameters. 
Additionally,  the  organizational-technical  capabilities  were  taken  into 
account  (the  vessel  speed,  the  necessity  of  performing  special  maneuvers  to 
provide  for  special  measurement  conditions,  the  actual  time  needed  for 
measurements  etc.).  With  these  conditions,  taking  into  account  the  orbital 
characteristics  of  the  satellite,  the  research-region  configuration  shown 
in  Fig  2.2  was  adopted. 

The  measurements  were  organized  so  that  the  vessel  traveled  over  the 
research  region  at  the  same  time  every  day.  The  vessel  position  at  any 
moment  was  determined  with  a  precision  of  250  m. 

The  hypotenuse  of  the  daily  triangular  route  of  the  vessel  coincides  with 
the  direction  of  movement  of  the  subsatellite  point  for  the  Meteor-series 
satellites. 

The  vessel  is  the  most  conservative  element  in  the  satellite-airplane- 
vessel  system.  In  this  experiment,  the  vessel  route  was  determined  for 
each  day  of  the  experiment  and,  as  a  rule,  was  not  subject  to  change 
regardless  of  the  presence  or  absence  on  a  given  day  of  one  or  both 
airplanes  in  the  experiment  region.  Every  day,  the  vessel  starts  from 
point  9A,  as  shown  in  Fig  2.2.  The  time  needed  to  complete  section  1 
(including  4  hydrooptical  stations  and  10  oceanographic  stations  at  points 
0-9)  is  about  8  h.  The  time  for  completing  section  2  (including  2 
hydrooptical  stations  at  points  12  and  15  and  6  oceanographic  stations  at 
points  10-15)  is  about  5  h.  The  time  needed  to  complete  section  3 
(including  6  oceanographic  stations)  is  3  h. 

Thus,  the  total  working  time  of  the  vessel  is  16  h  per  day.  As  calculated, 
the  An-30  airplane  is  located  in  the  experiment  region  for  3  h,  while  the 
11-14,  for  4-5  h. 

With  one  flight  per  day,  the  An-30  airplane  with  the  MKF-6M  camera  must 
operate  in  two  modes:  1)  at  large  solar  zenith  angles  (morning  and  evening 
version)  and  2)  at  small  solar  zenith  angles  (midday  version). 

The  flight  altitude  is  from  1  to  6  km,  while  the  flight  patterns  are  along 
and  perpendicular  to  the  vessel  route.  Line-of-f light  aerial  photography 
is  performed. 

With  one  flight  per  day,  the  11-14  airplane  operated  over  a  special  network 
of  route  legs  covering  the  entire  experiment  region  (Fig  2.3).  The 
sea-surface  radiative  temperature  was  continuously  recorded  with  an  IR 
radiometer.  The  network  of  legs  is  constructed  so  as  to  ensure  maximum 
coverage  of  the  test  area  and  its  environs,  as  well  as  to  ensure  synchro¬ 
nism  of  the  measurements  with  satellite  overflight  and  coincidence  of  indi¬ 
vidual  legs  with  the  vessel  route.  The  flight  altitude  is  less  than  1  km. 

Spatial  location  of  the  airborne  measurements  was  performed  Independently 
on  each  airplane.  The  vessel  was  used  as  an  auxiliary  navigational 
reference.  This  circumstance  should  make  it  much  easier  to  perform 
subsequent  space-time  location  of  measurements  during  Integrated  data 
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processing.  Therefore,  the  precision  of  determining  the  vessel  position  at 
any  moment  must  be  no  less  than  250  m.  All  the  moments  of  vessel  operation 
(beginning  and  end  of  movement,  change  of  course,  beginning  and  end  of 
hydrooptlcal  and  hydrological  measurements)  were  recorded.  All  moments  of 
airplane  overflight  above  the  vessel  were  also  recorded. 


Figure  2.3.  Diagram  of  Airplane  Route  Legs  Over  the  Site 

The  Control  Group,  made  up  of  Soviet  specialists,  supervised  the  experiment 
operations.  The  group's  tasks  were:  operational  monitoring  of  the 
execution  of  the  complex-experiment  program  by  all  participants, 
maintaining  regular  communications  between  individual  groups  and,  if 
necessary,  changing  the  work  of  individual  groups  with  respect  to  the  time, 
location  or  nature  of  measurements  (Fig  2.4).  \ 

\ 

2.4.  Execution  of  the  Experiment.  Brief  Description  of  the  Inf ormatloii Obtained 

The  program  of  the  First  Complex  Subsatellite  Oceanographic  Experiment  of  the 
USSR  and  GDR  in  the  Baltic  Sea  was  realized  within  the  planned  time  period.  The 
experiment  began  on  18  April  1982  with  the  arrival  of  the  GDR  vessel  A.  v. 
Humboldt  at  the  port  of  Klaypeda  to  take  on  two  LO  GOIN  specialists  and  ^rgo  and 
for  installation  and  adjustment  of  the  USSR-supplied  equipment.  The  experiment 
ended  on  27  April  1982  with  the  return  of  the  vessel  to  Klaypeda.  The 
operational  phase  of  the  experiment  was  from  19  through  26  April  1982. 

The  vessel  positions  during  the  subsatellite  experiment  are  shown  in  Fig  2.1  and 
in  Tables  2.4  and  2.5. 


25 


Figure  2,4,  Diagram  of  Experiment  Control 
Key: 
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Table  2.4.  Position  of  the  Vessel  During  the  Subsatellite  Experiment. 
April,  1982. 


Date 


Ship  Position 


Station 


19-22,  25,  26 

Triangle  with  peak  at  point 
lat  56°06'  N,  long  19®10'  E 

23 

lat  56°00'  N,  long  20°42'  E 

24 

lat  56°00'  N,  long  18°15'  E 

975-995 

974 

973 


Table  2.5.  Coordinates  of  Site  Stations 
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Key: 


1. 

Station  number  (see  Fig  2.2) 

4. 

Coordinates 

2. 

Station 

5. 

lat  N 

3. 

Depth,  m 

6. 

long  E 

Of  special  Interest  both  scientifically  and  organizationally  is  the 
successful  fulfillment  of  the  complicated  operational  maneuvers  to 
synchronize  the  vessel  optical  measurements  with  the  overflight  of  the  No 
30  Meteor  satellite  carrying  the  Fragment  camera.  With  a  spatial 
resolution  of  80  m,  the  width  of  the  field  of  view  of  this  camera  in  this 
region  is  only  85  km,  which  causes  considerable  difficulties  in  collecting 
synchronous  reference  information.  During  the  experiment,  the  field  of 
view  of  the  Fragment  camera  passed  through  the  Baltic  Sea  only  twice,  on  23 
and  24  April.  The  day  before,  upon  receiving  the  revised  forecast  of 
satellite  movement,  the  Control  Group  performed  calculations  and  ordered 
the  vessel  A.  v.  Humboldt  to  shift  from  the  initial  working  region  (1,  see 
Fig  2.1)  on  23  April  to  point  2,  and  on  24  April,  to  point  3  (Table  2.4). 
These  shifts  ensured  that  the  vessel  would  be  located  in  the  field  of  view 
during  both  satellite  overflights.  Afterwards,  the  vessel  was  returned  to 
the  Initial  working  region  (Table  2.5). 
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A  general  representation  of  the  success  which  the  vessel  and  airplanes  had 
in  executing  the  subprograms  is  given  in  Table  2.6.  The  USSR  and  GDR 
specialists  performed  the  full  volume  of  hydrooptlcal  measurements  in  the 
vessel  subprogram.  Sea-surface  temperatures  were  measured  using  an  IR 
radiometer  at  the  stations;  continuous  measurements  during  vessel  travel 
were  not  made.  The  temperature  of  the  water  surface  layer  was  measured 
using  thermistor  sensors  only  at  individual  stations. 

Table  2.6.  Summary  of  Execution  of  the  Experimental  Program.  April,  1982 
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Key: 


1. 

Date 

8. 

temperature 

2. 

Vessel  A.  v.  Humboldt 

9. 

hydrooptlcal  measurements 

3. 

11-14  airplane 

10. 

air  temperature  and 

4. 
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5. 

Nos  5,  7  and  8  Meteor-2  satellites 

11. 

MKF-6M 

6. 
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12. 

water  temperature 

7. 

Aerological  sounding 

13. 

Images 

The  11-14  airplane  performed  50  hours  of  flight  work.  Data  were  obtained 
on  the  sea  surface  temperature  in  the  vessel  operating  region  and  over  the 
approach  from  the  coast  to  the  site.  Data  were  also  obtained  on  the  air 
temperature  and  humidity  at  the  flight  altitude  (usually  300  m) .  The 
aerial  work  (Figs  2.5  and  2.6)  was  done  synchronously  (or  quasl- 
synchronously)  with  the  Meteor-2  satellite  measurements  of  sea-surface 
radiative  temperature  and  with  the  vessel  measurements  of  water  temperature. 
In  addition,  soundings  were  taken:  successive  measurements  of  the  air 
temperature  above  the  vessel  at  altitudes  of  100,  200,  300  and  400  m. 

The  An-30  aircraft  performed  30  flight  hours  of  aerial  work.  A  large 
volume  of  photographic  data  was  obtained  using  the  MKF-6M  under  various 
weather  conditions  and  from  various  altitudes  (from  1000  to  6000  m)  at 
various  times  of  the  day. 
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Figure  2.5.  Actual  Routes  of  the  11-14  Airplane  (1)  and  the  Vessel  A.  v. 
Humboldt  (2)  Over  the  Site  on  19  April  1982: 

The  radiative  temperatures  (°C)  from  aerial  measurements  are  shown.  The 
numbers  indicate  the  number  of  the  aircraft  route  leg. 

2.5.  Weather  Conditions  During  the  Experiment 

The  weather  conditions  in  the  Baltic  Sea  during  the  subsatellite  experiment 
were  marked  by  rapid  changing  of  the  atmospheric  processes  at  the  beginning 
and  end  of  the  period  and  by  relative  stability  during  the  middle. 

The  weather  in  the  test  sites  at  the  beginning  and  very  end  of  the  joint 
work  was  determined  by  the  actlvization  of  cyclonic  activity  and  the 
formation  of  front  boundaries  with  a  rapid  alternation  of  cyclones  and 
anticyclones  (sometimes  within  several  hours  during  the  joint 
observations).  During  the  middle  period  of  the  joint  work,  the  weather  was 
anticyclonic. 

In  general,  the  weather  was  predominantly  clear  and  sunny,  with  either  calm 
(in  two  cases)  or  moderate  winds  (7—8  m/s).  On  the  next-to-last  day  of  the 
experiment,  a  steady  strong  north  wind  of  10-12  m/s  and  tending  to 
strengthen  was  recorded.  The  maximum  wind  speed  of  16  m/s  was  recorded  on 
16  April. 


! 


29 


20 


Figure  2.6.  Actual  Route  of  the  11-14  Airplane  In  the  Nearshore  Zone  on 
23  April  1982: 

The  numbers  indicate  the  number  of  the  flight  leg.  The  cross  Indicates  the 
vessel  position. 

Key: 

1 .  Palanga  2 .  Klaypeda 

The  work  was  carried  out  when  the  spring  warmup  of  the  water  masses  was 
starting.  During  clear  sunny  weather,  with  radiation  heating  and  without 
advectlon  of  cold  air  masses,  the  air  temperature  increased,  reaching 
8-10°  C.  In  the  presence  of  advectlon  of  cold  air  masses,  the  air 
temperature  decreased  by  several  degrees  and,  as  a  rule,  was  below  the 
mutllyear  average  dally  air  temperature  (for  example,  on  25  April  1982). 

Overall,  for  the  entire  period,  the  predominant  air  temperature  was  below 
the  multiyear  average  dally  temperature,  due  to  the  distinguishing  features 
of  atmospheric  circulation  in  the  Baltic  Sea  during  that  period. 

Air-temperature  fluctuations  were  noted  during  the  entire  working  period. 
Below  is  a  description  of  the  weather  conditions  for  individual  days  of  the 
experiment . 

18  April.  On  the  first  day  of  the  experiment  (when  only  airborne 
measurements  were  made)  the  weather  over  the  site  in  early  morning  was 
determined  by  the  northwest  boundary  of  an  anticyclone  centered  above 
Minsk,  which  caused  sunny  weather  and  mid-level  clouds  at  the  very 
beginning  of  the  measurements.  By  10  am,  a  cyclone  approached  the  working 
region  from  Scandanavla.  The  weather  began  to  be  determined  by  the 
southeast  periphery.  A  secondary  cold  front  passed  through  the  region. 

All  of  this  caused  the  weather  to  change  from  sunny  to  cloudy.  Altocumulus 
clouds  were  replaced  by  continuous  low-level  stratocumulus  clouds  with  a 
celling  of  600-700  m,  which  very  rapidly  descended  to  400  m,  with  some 
cloud  accumulations  dropping  to  250  m  and  with  individual  clouds  noted  at 
altitudes  of  100-150  m.  At  the  end  of  the  aerial  observations,  rain  and 
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snow  was  observed  at  water  level  (as  the  front  passed).  At  first,  the 
visibility  deteriorated  insignificantly  from  40-50  km;  then  in  the  second 
half  of  the  aerial  working  period,  it  decreased  very  quickly,  reaching  a 
minimum  of  3  km  by  the  end  of  the  aerial  observations. 

There  was  a  change  in  the  wind  field,  both  in  terms  of  strength  (from  5  to 
12  m/s)  and  direction  (from  340  to  0°),  which  was  also  linked  with  the 
passage  of  the  cold  front, 

19  April.  In  the  first  half  of  the  day,  as  during  the  day  before,  the 
weather  was  determined  by  the  influence  of  the  periphery  of  the  same 
cyclone.  During  the  second  half  of  the  day,  the  weather  over  the  entire 
Baltic  Sea  was  determined  by  a  high-pressure  region  centered  above  England. 

The  restructuring  of  atmospheric  processes  also  caused  a  change  in  the 
weather  conditions  right  during  the  synchronous  observations.  On  this  day, 
continuous  nlmbostratus  clouds  were  replaced  by  statocumulus  clouds ,  which 
disappeared  altogether  by  the  end  of  the  joint  work.  The  weather  then 
became  sunny  and  the  steady  precipitation  ceased  during  the  first  half  of 
the  measurement  period. 

The  visibility  Increased  to  20  km.  A  moderate  northerly  wind  of  8-10  m/s 
was  observed.  After  the  end  of  the  joint  work,  the  wind  strengthened  and 
cloudiness  Increased  close  to  the  shore  because  a  new  cyclone  with  a  front 
approached  from  the  Atlantic.  The  air  temperature  decreased  because  of 
cold  advectlon. 

21  April.  The  work  region  was  located  in  a  barometric  trough.  The  weather 
conditions  were:  unbroken  low— level  cloudiness  (stratocumulus  and 
nlmbostratus)  with  a  celling  of  400  m.  The  wind  was  northerly  and  moderate 
(10°,  10  m/s).  The  visibility  was  5-8  km. 

23  and  24  April.  For  the  next  two  days  of  the  joint  work,  the  weather  was 
determined  by  a  low-gradient  high-pressure  field,  which  produced  calm  and 
clear,  sunny  weather.  The  air  temperature  was  8°  C. 

25  April.  In  the  next-to-last  day  of  the  work,  the  weather  was  determined 
by  the  southwest  boundary  of  an  anticyclone.  During  the  entire  day,  the 
weather  was  sunny  and  clear;  the  wind  speed  was  12— 14  m/s  and  wind 
direction  was  350°.  The  air  temperature  was  6°  C. 

26  April.  The  Baltlc-Sea  weather  was  determined  by  a  trough.  A  cold  front 
passed  through  the  working  region.  This  produced  continuous  (occasionally 
broken)  low-level  cloudiness  (stratocumulus  and  nlmbostratus)  with  a 
ceiling  of  450-500  m.  When  the  front  passed,  the  cloudiness  was  continuous 
with  a  ceiling  of  150-200  m,  with  the  altitude  of  individual  clouds  not 
exceeding  80-100  m. 

During  the  entire  measurement  period,  rain,  sometimes  heavy,  was  noted, 
along  with  strong  northerly  winds  (14-16  m/s).  The  air  temperature 
decreased  to  4°  C. 


Overall,  during  the  subsatellite  working  period,  the  most  favorable  days 
for  satellite  observations  were  22  through  25  April,  when  stable,  rela¬ 
tively  clear  weather  predominated,  produced  by  a  low-gradient  high-pressure 
field  (Figs  2.7  and  2.8).  The  wind  was  weak  and  of  variable  direction. 


Figure  2.7.  Weather  Map  for  the  Baltic  Sea  Region  on  17  April  1982 
at  1600  GMT 
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3.  Accumulation  of  Satellite  and  Reference  Oceanographic  Data  In  the 
Format  of  a  Regional  Information  Bank 

In  recent  years,  the  volume  of  oceanographic  Information  obtained  by 
observations  from  various  platforms  has  Increased  greatly.  The  use  In 
oceanography  of  data  from  satellite  platforms  leads  to  ever  greater  volumes 
of  Initial  data,  which  exceed  by  several  orders  of  magnitude  the  volumes  of 
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Information  obtained  by  traditional  means.  In  connection  with  this,  the  task 
of  establishing  the  proper  information  banks  is  becoming  ever  more  urgent. 


Figure  2.8.  Weather  Map  for  the  Baltic  Sea  Region  on  25  April  1982 
at  1500  GMT 
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As  was  noted  in  paragraph  1.2,  one  of  the  ways  to  establish  such  banks  is 
to  organize  banks  on  a  regional  basis.  With  this  approach,  it  might  be 
feasible  for  individual  categories  of  user  institutions  to  organize  data 
banks  Including  not  only  reference,  but  also  satellite  information.  At 
this  particular  stage  of  development  of  a  satellite  system  for  studying 
earth  and  world-ocean  natural  resources,  the  advantage  of  such  a  universal 
bank  is  its  autonomy.  This  makes  it  possible  to  develop  new,  and  improve 
existing,  methods  of  processing  and  interpreting  satellite  data  in  the 
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interests  of  oceanography  on  the  basis  of  a  limited  number  of  files  of 
synchronous  satellite  and  reference  measurements  without  the  inevitable,  at 
this  stage,  constant  and  frequent  references  to  a  centralized  archive  of 
satellite  data. 

While  retaining  the  main  features  of  the  conceptual  data  bank  [13]  for  an 
Interactive  satellite-information  processing  system,  the  format  of  the 
regional  satellite  and  reference  oceanographic  data  bank  developed  by  LO 
COIN  has  a  number  of  distinguishing  features. 

3.1.  Data  Bank  Structure 

The  bank  consists  of  a  data  base  [DB]  and  a  data  base  control  system  [DBCS] 
with  programs  for  processing  and  presenting  the  information. 

The  software  of  the  bank  must  perform  the  following  functions: 

receive  and  arrange  data  on  machine  carriers; 

permit  the  editing  of  data; 

present  the  Information  for  applications; 

present  the  information  for  reference  purposes; 

provide  information  on  the  data  base  contents  and 

output  the  data  in  numerical  or  graphic  form. 

The  link  between  user  and  data  bank  can  be  either  in  a  packet  or  in  an 
interactive  mode. 

The  structure  of  the  data  base  makes  considerable  use  of  the  formats  of  the 
oceanographic  data:  vectors  (oceanographic  station,  airplane  route  leg)  or 
matrices  (satellite  observations,  calculated  fields  of  various  parameters). 
This  makes  it  possible  to  economically  and  effectively  use  index  addressing 
of  records  in  files,  since  the  volume  of  records  greatly  exceeds  the  volume 
of  Indexes.  The  index-random  addressing  method  is  used.  In  this  system,  a 
multilevel  indexing  scheme  was  selected.  The  Inputs  to  the  indexes  are  the 
component  keys,  while  the  outputs  are  the  absolute  addresses  of  the 
records. 

Information  is  Inputted  into  the  data  base  by  the  input  module  (Fig  3.1). 
Information  can  be  entered  from  punched  tape  [FT] ,  from  an  automated 
aerial-observation  system,  from  punched  cards  and  from  external  carriers: 
magnetic  tape  [MT]  and  magnetic  disks  [MD] . 

The  Information  is  outputted  on  an  alphanumeric  printer,  a  plotter  or  a 
display. 

The  development  of  programs  to  provide  for  an  Interactive  operating  mode  is 
planned.  The  system  will  output  answers  on  the  terminal  screen  or  through 
the  output  module  to  various  information-display  devices. 
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The  data  base  uses  two  index  levels  (Fig  3.2).  If  necessary,  additional 
indexing  levels  can  be  provided. 


Figure  3.1.  Diagram  of  Bank  Interfaces 
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Figure  3.2.  Principles  of  the  Logical  Organization  of  the  Data  Base 
Key: 

1.  Index  of  indexes  3.  Record 

2.  Index  4.  File 

At  present,  three  files  have  been  established:  satelite  information  (KOSM) , 
airborne  observations  (AVIA)  and  vessel  observations  (SUDNO).  There  can  be 
any  number  of  files.  The  procedure  for  creating  a  new  file  is  simple  and 
can  be  performed  by  either  an  administrator  or  by  a  bank  user.  The 
administrator  can  register  the  users. 
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The  records  are  arranged  in  random  order  on  the  carrier  as  they  arrive, 
without  separation  by  file  (Fig  3.3).  Records  from  different  files  follow 
one  after  another.  The  order  is  determined  only  by  means  of  the  indexes. 
Blank  sections  appear  because  records  are  eliminated  after  their  respective 
expiration  dates.  This  organization  of  records  greatly  simplifies  the 
processes  of  updating  and  supplementing  the  data.  A  record  of  the  KOSM 
file  contains  the  observational  data  from  one  satellite  overflight. 
Multichannel  information  can  be  stored.  The  record  of  an  airplane  file 
contains  the  data  of  one  flight;  i.e.,  a  set  of  data  from  several  legs, 
which  is  combined  and  organized  inside  the  record  by  service  information 
(number  and  length  of  legs  and  frequency  of  observations).  The 
organization  of  vessel  observations  is  more  complicated  due  to  the  many 
different  types  of  data  (individual  oceanographic  parameters),  their 
spatial  position  (horizons)  and  methods  of  measurement  (remote  and  in 
situ) . 
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Figure  3.3.  Physical  Organization  of  Data 
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We  will  now  discuss  the  structure  of  the  records  and  Indexes  (Fig  3.4). 
Each  record  is  preceded  by  a  record  title  and  concludes  with  a 
start-of-record  indicator,  for  example,  an  absolute  or  relative  address. 
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The  record  title,  along  with  the  word  definition  of  the  data,  also  can 
contain  service  information  on  the  distinguishing  features  of  data 
organization  in  the  record.  In  this  case,  the  record  title  partially 
fulfills  the  function  of  an  index,  which  simplifies  the  structure  of  the 
index  itself.  The  start-of-record  indicator,  put  at  the  end  of  the  record, 
is  a  data-protection  element.  These  indicators,  along  with  the  record 
titles,  make  it  possible  to  restore  the  indexes  if  they  are  destroyed.  The 
index  is  a  table  of  keys  and  indicators,  and  complex  keys  are  used.  The 
record  identifier  is  generated  by  the  system  and  serves  as  the  primary  key. 
The  aggregate  of  several  other  key  components  is  also  a  primary  key,  while 
each  component  is  a  secondary  key.  This  organization  of  keys  makes  it 
possible,  on  the  one  hand,  to  easily  obtain  various  inverted  files 
(according  to  sets  of  secondary  keys)  and,  on  the  other  hand,  to  promptly 
work  with  the  selected  Information  according  to  the  record  identifiers.  As 
this  figure  shows,  secondary  keys  are:  space-time  coordinates  of  the 
observation;  the  channel,  leg  or  cross  section  number;  the  author  and  date 
of  information  entry  into  the  data  base;  the  expiration  date  and  several 
other  attributes.  The  key  defines  the  indicator  which  is  used  to  end  the 
record  in  the  external  memory.  The  Indicator  also  contains  some  necessary 
Information  on  data  organization  in  the  record. 


Figure  3.4.  Structure  of  Records  and  Indexes 
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The  data-descrlption  language  is  a  modified  set  of  Fortran  format 
specifications. 

3.2.  List  of  Operations  Performed 

The  data-manlpulatlon  language  [DML]  is  a  set  of  Fortran  operators  for 
calling  up  subroutines.  In  order  to  make  work  In  the  packet  mode  easier, 
the  list  of  subroutine  parameters  was  reduced  as  much  as  possible.  This 
was  achieved  by  putting  auxiliary  Information  In  the  Indexes  and  directly 
In  the  records. 

In  the  Interactive  mode,  the  parameters  are  entered  sequentially  upon 
inquiry  from  the  screen  after  giving  the  name  of  the  DML 

subroutine-statement.  The  scheme  used  In  the  CODASYL  language  Is  realized. 
The  following  operations  are  provided: 

creating  (or  opening)  a  file;  l.e.,  referring  to  the  Index  of  one  of  the 
files;  further  Interpretation  of  the  DML  statements  will  occur  with  the  use 
of  parameters  of  the  selected  Index; 

searching  for  data  In  the  base,  without  transmitting  them  to  the  working 
area  of  the  magnetic  on-line  memory; 

transferring  data  to  the  working  area; 

changing  and  editing  data  (Inside  a  record); 

recording  new  data;  the  record  Is  entered  with  modification; 

eliminating  a  record;  l.e.,  erasing  the  key  of  the  corresponding  record  In 
the  Index;  although  the  record  remains.  It  becomes  "transparent"  to  the 
user,  and  it  becomes  a  "blank"  section; 

organlzating  the  file,  collecting  the  "trash";  the  records  are  physically 
transferred  to  new  addresses,  "blank"  sections  are  eliminated  and  the 
Indexes  are  reorganized  and 

quitting  a  file,  ending  contact  with  the  bank;  this  is  necessary  to  remove 
the  bank  programs  from  the  magnetic  on-line  memory. 

The  processing  module  contains  the  following  operations:  averaging  and 
placing  the  Information  In  a  regular  network  of  a  given  spacing,  adding 
(subtracting)  fields,  comparing  two  fields,  calculating  histograms, 
calculating  functions  along  a  given  cross  section  or  along  a  broken  line 
and  several  other  operations. 

The  bank  format  was  tested.  In  particular,  on  Information  obtained  during 
the  joint  subsatellite  experiment  of  the  USSR  and  GDR  In  April  1982.  The 
water  temperatures  at  standard  horizons,  obtained  by  the  research  vessel 
A.  V.  Humboldt,  and  the  sea  surface  temperatures  measured  by  the  IR 
radiometers  from  the  airplane  and  satellite  were  entered  Into  the  data 
base. 
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The  implementation  of  the  bank  format  into  daily  use  will  greatly  simplify  and 
speed  the  processing  of  synchronous  satellite  and  reference  measurement  data. 

4.  Complex  Hydrooptical  Research  in  the  Central  Baltic  Sea 

4.1.  Distribution  of  Suspended  Matter  and  Chlorophyll  in  the  Experiment 
Region  Based  on  Vessel  Measurements 

Generalized  data  on  the  distribution  of  suspended  matter  in  the  Baltic  Sea 
can  be  found  in  [18].  At  an  average  value  of  3  mg/liter,  the  concentration 
of  suspended  matter  in  the  Baltic  Sea  is  2-5  times  higher  than  the  average 
concentration  in  other  seas  of  the  Atlantic  Ocean  and  in  the  ocean  itself 
(Table  4.1).  High  concentrations  of  suspended  matter  occur  in  surface 
layers;  the  suspended-matter  concentrations  decrease  below  the  thermocllne 
and  in  layers  below  the  discontinuity  layer.  Only  in  the  bottom  layers 
(0-5  m  above  the  sea  floor)  is  there  a  noticeable  increase  in  the 
suspended-matter  content. 


Table  4.1.  Concentration  of  Suspended  Matter  in  the  Baltic  Sea  [18] 


Layer,  m 

Average  value,  mg/liter 

Range,  mg/liter 

Surface 

3.3 

0.6-12.4 

10-20 

2.8 

1.5-5. 4 

25 

2.4 

0. 2-8.0 

50 

1.9 

0.4-8. 1 

100 

1.9 

0.4-4. 8 

At  the  bottom 

3.0 

0.4-12.4 

The  maximum  concentrations  are  observed  primarily  near  the  sources  of  the 
suspended  matter;  abrasion  coasts,  estuaries,  straits  and  shallow  sections 
of  the  sea  with  active  bottom  erosion.  The  suspended  matter  entering  the 
sea  moves  along  the  coasts  and  out  to  the  deep  sea.  The  zones  of  maximum 
suspended-matter  content  vary  in  width  from  3  to  60  km.  High 
concentrations  of  suspended  matter  linked  with  plankton  activity  are  also 
observed  in  regions  of  high  biological  activity.  Published  maps  indicate 
that  the  suspended— matter  concentration  is  2—3  mg/liter  in  the  surface 
layer  of  the  site  near  international  station  9A.  At  a  distance  of  40  km 
toward  the  coast,  there  is  a  33-km-wide  band  of  increased  concentrations 
(over  4  mg/liter).  This  band  Includes  station  974.  High  concentrations, 
from  3  to  4  mg/liter,  were  also  noted  in  regions  east  of  Riigen  Island  and 
in  Pomeranian  Bay,  Investigated  by  the  vessel  A.  v.  Humboldt  during  a  trip 
made  as  part  of  the  subsatellite-experiment  program. 

The  suspended  matter  is  terrigenous  in  most  layers  near  abrasion  coasts,  but 
in  the  open  sea,  biological  materials  predominate.  In  [19]  it  was  established 
that  in  samples  taken  from  surface  layers  in  the  open  part  of  the  Baltic 
Sea,  76.9-99.6  percent  of  all  the  suspended  particles  were  organic.  At  the 
surface  in  the  Gotland  Basin,  organic  particles  (especially  diatoms)  make  up 
77  percent.  The  overall  quantity  of  particles  is  about  0.6*10®  per  liter; 
the  maximum  values  of  1.2*10®  particles/liter  were  observed  at  the  discon¬ 
tinuity  layer  and  in  bottom  layers  (1.0*10®  particles/liter).  The  particle 
sizes  are  mainly  less  than  2.5  fxm  [19].  I 
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During  the  preparatory  research  for  the  Joint  experiment  (August  1981)  and 
during  the  experiment  (April  1982),  the  measured  concentrations  of 
suspended  matter  were  mainly  in  the  range  0,4-2.0  mg/liter.  Concentrations 
exceeding  2.0  mg/liter  were  noted  only  at  a  few  stations  and  at  a  few 
horizons.  The  data  at  nearshore  stations  also  do  not  coincide  with  the 
values  given  in  [18].  One  of  the  possible  reasons  is  the  use  of  different 
analytic  methods.  Significant  differences  can  occur  when  the 
suspended-matter  content  is  determined  by  filtration  methods,  depending  on 
the  type  of  filters  used  and  the  methods  of  processing  them  [48]. 

Generalized  information  on  the  occurrence  of  chlorophyll  and  on  the  extent 
of  phytoplankton  in  the  Baltic  Sea  can  be  found  in  [20,  23,  24,  42,  48,  49]. 

The  spatial  distribution  and  temporal  development  of  phytoplankton  are 
determined  by  various  natural  factors.  Spatial  changes  in  the 
phytoplankton  content  are  strongly  dependent  on  water  salinity.  The  most 
important  parameters  for  plankton  growth  are  light  and  blogenous  elements. 

In  addition,  water  temperature,  stratification  and  turbulent  mixing  also 
affect  phytoplankton  growth. 

The  dominant  forms  of  phytoplankton  in  the  Baltic  Sea  are  diatoms, 
blue-green  algae  and  dlnoflagellates.  The  Baltic  Sea  has  several 
characteristic  temporal  maximums  for  the  growth  of  phytoplankton  biomass. 
Massive  phytoplankton  growth  ("blooming”)  depends  on  the  following 
conditions: 

a  sufficient  amount  of  solar  energy  reaching  the  sea  surface; 
sufficient  reserves  of  blogenous  elements  and 

the  presence  of  phytoplankton  in  a  layer  with  sufficient  light  for  primary 
production  (euphotic  zone).  This  condition  means  that  vertical  convection 
must  not  exceed  the  depth  of  the  euphotic  zone. 

Due  to  the  fact  that  the  optimum  conditions  for  phytoplankton  blooming 
occur  in  different  regions  of  the  Baltic  Sea  at  different  times,  there  are 
regional  differences  in  the  periods  and  intensity  of  blooming.  The  spring 
phytoplankton  bloom  is  the  most  Intense.  In  the  eastern  and  northern  parts 
of  the  Baltic  Sea,  the  spring  bloom  begins  1-3  months  later  than  in  the 
western  parts. 

Approximate  Times  for  the  Start  of  Blooming  for  Several  Characteristic 
Regions  of  the  Baltic  Sea 

Mecklenburg  Bay  .  before  mid-March 

Arkona  and  Gdansk  Basins  .  late  March-early  April 

Bornholm  Basin  .  mid-April 

Southern  Gotland  Basin  .  late  April-early  May 

Gotland  Depression  .  mid-May 

The  second  phytoplankton  bloom,  which  is  mainly  represented  by  blue-green 
algae,  occurs  in  summer  (late  July-early  August)  and  is  particularly 
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manifested  in  the  west  and  central  Baltic  Sea.  The  fall  peak  of 
phytoplankton  biomass  in  the  Arkona,  Bornholm  and  Gotland  Basins  (late 
September-October)  is  less  significant  than  the  spring  peak. 

The  chlorophyll  concentration  per  unit  volume  of  water  (mg/m®)  or  the 
concentration  in  the  euphotic-zone  water  column  (mg/m®)  is  often  a  measure 
of  phytoplankton  biomass.  If  that  is  insufficient,  then  an  additional 
chlorophyll  determination  is  used  to  establish  phytoplankton  temporal 
changes  and  horizontal  and  vertical  distribution;  a  determination  of  the 
phaeoplgments  (decomposition  products  of  chlorophyll)  permits  the 
physiological  state  of  the  phytoplankton  to  be  determined. 

The  Oceanography  Institute,  GDR  AS,  has  been  conducting  chlorophyll 
distribution  research  in  the  Baltic  Sea  since  1969,  usually  regularly  four 
times  a  year.  In  order  to  determine  the  average  chlorophyll  concentrations 
in  the  experiment  region,  data  were  used  from  the  following  stations 
characteristic  of  the  southern  part  of  the  Gotland  Basin: 


9A .  lat  56°06'  N,  long  19°10'  E 

8A .  lat  55°38'  N,  long  18°36’  E 

259  .  lat  53°33'  N,  long  18°24’  E 


The  average  (for  1969-1982)  chlorophyll  concentrations  were  determined  at 
these  stations  for  the  euphotic  zone  from  0  to  30  m  (Table  4,2) • 

Table  4.2.  Average  Chlorophyll  Concentrations  in  the  Experiment  Region 


Time 


Concentration. 

tng/m^ 


Concentration  in 
column,  mg/m^ 


LatexMarch 
Mid-May 
Early  August 
Late  Octc^er 


0.57 

17.2 

"'x 

2.03 

61.0 

\ 

1.65 

49.4 

\ 

1.17 

35.1 

It  should  be  ^noted  that  the  maximum  values  at  a  given  depth  can  be  much 
higher  than  these  data,  since  the  distribution  of  phytoplankton  in  the 
upper  30-m  layer  is  not  always  homogi^neous.  For  example,  in  the  eastern 
Gotland  Basin  in  May  1970,  chlorophyll  concentrations  above  153  mg/m^  were 
determined,  while  at  the  mouth  of  the  Gulf  of  Finland  in  May  1972,  the 
concentration  was  even^^bove  350  mg/m^  (at  a  depth  of  5  m,  above  30  mg/m^). 

On  the  basis  of  available^ata,  a  plankton  bloom  in  the  experiment  area  can 
be  considered  as  occurring  when  the  chlorophyll  cbncentration  exceeds 
3  mg/m^ .  We  emphasize  that  dud  to  the  small  number  of  measurements  and  the 
absence  of  appropriate  models,  lt\is  impossible  at  this  time  to  make  any 
specific  forecasts  of  the  time,  dui'ation  or  activity  of  phytoplankton 
blooms  for  a  particular  small  region  of  the  Baltic  Sea  jOn  the  scale  of  the 
subsatellite  site  in  1982. 


With  regard  to  seston,  there  are  only  a  few  measuriements  in  the  experiment 
site,  giving  the  following  minimum  and  maximum  seston  concentrations: 
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f 


October  1978  .... 

August  1980  . 

August-September  1982 


0.3-1. 2  mg/llter 
0.6-1. 5  mg/liter 
0.6-1. 5  mg/llter 


During  the  subsatellite  experiment,  the  concentrations  of  suspended  matter 
(seston),  chlorophyll  a  and  phaeoplgments  were  determined  in  the  site  near 
international  station  9A  from  19  through  22  and  from  25  through 
26  April  1982.  Additionally,  the  attenuation  of  light  at  a  wavelength  of 
380  nm  (0^330  )  by  filtered  water  samples  was  studied  as  an  additional 
measure  of  the  dissolved  absorbing  substances.  Besides  taking  into  account 
horizontal  inhomogeneities  by  taking  surface  samples  every  5  km,  the 
dissolved-  and  suspended-matter  contents  in  the  10-m-thlck  surface  layer 
were  determined  at  stations  995,  992,  989,  986  and  983  (distance  between 
stations,  15  km)  simultaneously  with  the  optical  measurements  (an  attempt 
at  continuous  recording  of  the  chlorophyll  content  failed  for  technical 
reasons).  At  stations  974  and  973,  the  dissolved-  and  suspended-matter 
contents  were  determined  every  2  h  on  23  and  24  April  1982. 


During  the  subsatellite  experiment,  the  concentrations  of  seston, 
chlorophyll  a  and  phaeoplgments  at  a  depth  of  0  m  were  determined  (Table 
4.3).  The  maximum  chlorophyll  concentrations  were  not  always  in  the  top 
surface  layer,  due  to  light  obstruction  of  phytoplankton  products  [23]. 

Table  4.3.  Range  of  Suspended-Matter  and  Chlorophyll  Contents  at  the 
0  m  Horizon 


Seston,  mg/liter 
Chlorophyll  a,  mg/m^ 
Phaeoplgments ,  mg/m^ 


Site 


Station  974 


Station  973 


0.4-1. 5 
1.3-4. 3 
0. 1-2.0 


0.5-1. 9 
3. 1-8.0 
0-0.7 


0. 9-2.0 
1. 2-5.0 
0.6-1. 6 


An  example  of  the  horizontal  distribution  of  chlorophyll  and  phaeoplgment 
concentrations  at  the  sea  surface  is  shown  in  Fig  4.1.  The  greatest  con¬ 
centrations  almost  always  were  observed  at  the  most  notherly  stations  and 
in  the  southwest  part  of  the  site.  During  the  repeat  survey  on  25  and 
26  April,  the  concentration  distribution  at  a  depth  of  0  m  was  more 
homogeneous.  The  distribution  of  pigments  in  the  upper  10-m  layer  presents 
a  similar  picture  (Fig  4.2).  During  the  entire  research  period,  the 
highest  maximums  of  chlorophyll  (over  5  mg/m^)  occurred  at  stations  995 
and,  especially,  989.  The  distance  between  pigment-concentration  maximums 
was  about  25-30  km  (according  to  measurements  made  at  separate  points). 
These  distinguishing  features  observed  in  the  pigment  distribution  are  not 
so  clearly  manifested  in  the  distributions  of  seston  or  dissolved  organic 
matter. 


The  temporal  changes  in  concentrations  of  dissolved  and  suspended  matter 
during  the  measurements  on  23  and  24  April  are  shown  in  Fig  4.3.  Both  the 
dissolved  organic  matter  concentrations  (the  figure  shows  the  light 
attenuation,  a ,  at  a  wavelength  of  380  nm)  and  the  chlorophyll 
concentrations  are  much  higher  at  nearshore  station  974  (distance  from  the 
coast,  about  35  km)  than  at  station  973  in  the  open  sea.  At  station  974, 
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a  water  mass  with  lower  seston  and  chlorophyll  concentrations  arrived  at 
about  1100  GMT,  but  after  noon,  it  was  followed  by  a  water  mass  with  higher 
concentrations • 


•SSS 


•386 


Figure  4*1.  Horizontal  Distribution  of  Chlorophyll  a  and  Phaeopigments  at 
a  Depth  of  0  m,  mg/m^ 


Key: 

1,  21  April  1982  2.  0419-2019  GMT 

Significant  changes  in  the  concentrations  of  suspended  matter  and, 
espepially,  chlorophyll  were  observed  on  24  April.  Additional  research  on 
the  phytoplankton  volumes  and  a  determination  of  the  dominant  types  at  a 
depth  of  0  m  emphasize  these  changes  (Table  4.4). 

Based  on  the  fact  that  the  dominant  types  of  phytoplankton  varied 
considerably,  it  can  be  concluded  that  the  observed  changes  in  pigment 
concentrations  apparently  are  primarily  caused  by  advective  processes. 

4.2.  Several  Results  of  Vessel  Research  on  the  Surface  Spectral  Brightness 
of  the  Baltic  Sea 

Within  the  framework  of  the  joint  subsatellite  oceanographic  experiment  on 
the  Baltic  Sea  in  April  1982,  research  was  conducted  on  the  spectral 
brightness  of  the  sea  surface  and  functions  were  obtained  of  the  dissolved- 
and  suspended-matter  concentrations  vs.  the  spectral  brightness 
coefficients  in  selected  visible-wavelength  bands.  In  preparation  for  the 
joint  experiment,  similar  research  was  done  by  specialists  of  the 
Oceanography  Institute,  GDR  AS,  on  the  vessel  A.  v.  Humboldt  in  August  1981 
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The  work  was  performed  mainly  on  the  site  near  International  station  9A,  as 
well  as  In  Pomeranian  Bay  and  In  the  Arkona  and  Bornholm  Basins  (Fig  4.4). 


>  19 IV  1982  (  1 )  211V 1982  (  2 ) 


Figure  4.2.  Spatial  Distribution  of  Concentrations  of  Seston,  Pigments  and 
Dissolved  Organic  Matter,  am  . 

Key; 


1. 

19  April  1982 

5. 

22  April  1982 

2. 

21  April  1982 

6. 

25  April  1982 

3. 

4. 

Cch  +  p»  “8/®" 

Seston,  mg/liter 

7. 

Station 
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Figure  4.3.  Temporal  Changes  of  the  Concentrations  of  Dissolved  and 
Suspended  Matter,  am  • 

Key ; 

1.  23  April  1982  Station  974 

2.  24  April  1982  Station  973 
3-  ^ch  +  p* 

Table  4.4.  Volumes  and  Types  of  Phytoplankton  Determined  on  24  April  1982 


4.  Seston,  mg/liter 

5.  t,  h 


BpCMfl  (  1  ) 
no  rpHHBHMy» 

H  MHH 

Odi>eM  (  ^  ) 
BUTeCUeHHS, 

UM^;i 

- U) 

ilOMHHHpyiOlUHe  8HJIU 

4  55 

154.0 

Aphanizomenon  flos^aquae 

FMtrepiia  lanowii 

7  n 

74.6 

Chaetoceros  cerator&porus 

Carteria  cordilormis 

8  58 

83,4 

Achuanthes  taeniata 

Aphanizomenon  flos-aquae 

10  00 

97,7 

Chaetoceros  ceratosporus 

Carteria  cordiformis 

10  30 

72.3 

Chaetoceros  spp, 

Aphanizomenon  flos-aquae 

11  00 

117,5 

Aphanizomenon  flos-aquae 

Chaetoceros  spp. 

13  00 

70,7 

Aphanizomenon  flos-aquae 

Chaetoceros  spp. 

Key: 

1.  GMT,  h  min 

2.  Displacement  volume,  mm® /liter 


3.  Dominant  types 
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Figure  4,4.  Location  of  Stations  at  Which  Hydrooptical  Measurements  Were 


Made  in  August 

1981 

(1)  and  April  1982 

(2) 

1. 

Stockholm 

4. 

Saaremaa  Island 

7. 

Klaypeda 

2. 

Hilumaalsland 

5. 

Gotland 

8. 

Kaliningrad 

3. 

Tallinn 

6. 

Riga 

The  spectral  brightness  coefficients,  px  ,  (Fig  4.5)  were 
measurements  of  the  descending  spectral  Irradiance,  Ely 
brightness  of  the  ascending  radiation,  Lx,  above  the  sea 


determined  using 
and  the  spectral 
surface 


=  (4.1> 


Figure  4.5,  Spectral  Brightness  Coefficients  for  Subsatellite  Station  974, 
0900  h 
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The  spectrometer  described  in  [46,  47]  was  used  for  these  measurements 
(Tables  4.5  and  4.6). 

Table  4.5.  Spectral  Brightness  of  Ascending  Radiation,  W/(cm® ‘nm'sr) . 

April  1982 


Key: 

1.  Station  2.  Date  3.  GMT,  h  min 

Table  4.6.  Spectral  Brightness  Coefficient,  Px*10®.  April  1982 


1%%"' 

BpeMS  no 
rpHHBHqy, 

1  >1  MHII 

Pt«o 

f’tso 

Piso 

Proo 

Peso 

987 

20 

11  30 

0,74 

0,84 

0.85 

0,57 

0,12 

9SG 

20 

13  00 

0,90 

0,90 

0,93 

0,72 

0,445 

984 

20 

15  00 

1,23 

1,39 

1.42 

1,16 

0,915 

993 

22 

08  00 

0,65 

0,86 

0,96 

0,64 

0,54 

991 

22 

10  45 

0.63 

0,72 

0,75 

0,49 

0,35 

989 

22 

14  20 

0,68 

0,82 

0,86 

0,65 

0,525 

974 

23 

05  00 

1,20 

1,36 

1,54 

1,33 

1,00 

9.4 

23 

09  00 

0,87 

1,00 

1.14 

0,98 

0,685 

9 

23 

15  00 

1,36 

1.47 

1,66 

1,53 

1,10 

973 

24 

06  50 

1.22 

1,29 

1.41 

1.14 

0,92 

973 

21 

10  17 

0,81 

0,93 

1,06 

0,80 

0,50 

973 

2^ 

14  20 

1,30 

1,40 

1,47 

1,14 

0,86 

Key: 

1.  Station  2.  Date  3.  GMT,  h  min 

The  maximum  values  of  |»x,  exceeding  0.01,  were  in  the  spectral  band  between 
530  and  570  nm,  with  an  average  of  550  nm. 

Spectral  brightness  values,  uncorrected  for  the  influence  of  the  sea 
surface,  obtained  from  measurements  made  in  1981  and  1982  were  compared 
with  the  suspended-matter  concentrations  determined  according  to  method 
[48]  and  with  the  chlorophyll  a  and  phaeopigment  concentrations  determined 
according  to  method  [51].  The  average  concentrations  for  the  surface  layer 
from  zero  to  10  m  were  used,  since  this  layer  in  the  Baltic  Sea  is  the  most 
Important  in  the  process  of  water  reflection.  Measurements  made  only  in 
the  top  surface  layer  are  not  representative,  since  during  summer,  the 
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maximum  of  suspended  organic  matter  In  the  surface  layers  of  the  Baltic  Sea 
frequently  occurs  at  a  depth  of  3~5  m  (due  to  the  light  obstruction  of  the 
primary  productivity  In  the  top  3-m  layer  [23]). 

The  relationship  between  the  uncorrected  brightness  coefficients  at  a 
wavelength  of  650  nm  and  the  seston  concentrations  in  the  surface  layer 
from  zero  to  10  m  (Fig  4.6)  can  be  represented  in  the  following  form: 

where  A  =  14.24  and  B  =  0.565  (correlation  coefficient,  0.61). 


(  1  )  S  MlJjt 


Figure  4.6.  Ratio  Between  Seston  Concentrations  and  Spectral  Brightness 

Coefficients  at  a  Wavelength  of  650  nm.  Based  on  Measurements 
Made  In  August  1981  (1)  and  April  1982  (2) 


Key: 

1.  S,  mg/llter 

Only  a  limited  comparison  of  these  results  with  the  data  of  other  authors 
Is  possible,  due  to  the  small  range  of  measured  seston  concentrations. 

These  concentrations  (0.4-1. 5  mg/llter)  are  lower  than  the  average 
suspended-matter  concentrations  In  the  Baltic  Sea  surface  layer  [18].  The 
concentrations,  according  to  data  In  analogous  published  works.  In  most 
cases  is  an  order  of  magnitude  higher. 

Also  Investigated  was  the  relationship  between  the  seawater  color  Index, 
(>44o/psu),  and  the  average  concentration  of  chlorophyll  a  and  phaeoplgments  in 
the  surface  layer  from  zero  to  10  m.  A  wavelength  of  440  nm  was  selected 
because  the  absorption  maximum  of  chlorophyll  Is  In  this  spectral  Interval. 
The  absorption  minimum  Is  at  550  nm.  In  addition,  over  2/3  of  the  obtained 
spectral-brightness  curves  had  a  maximum  in  the  Interval  530-570  nm. 

The  following  relationship  was  obtained  for  the  total  concentration  of 
chlorophyll  a  and  phaeoplgments,  in  the  range  0.7-6. 5  mg/m®: 

Cch+p= 

A  comparison  of  this  relationship  with  the  regression  equations  obtained  by 
other  authors  for  different  bodies  of  water  unexpectedly  resulted  In  a 


! 
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correspondence  (Fig  4.7).  This  is  also  true  of  other  relationships  not 
presented  here. 

(  1  ) 


Figure  4.7.  Relationship  Between  Chlorophyll  a  and  Phaeopigment 
Concentrations  and  the  Color  Index: 

j 

I 

1.  according  to  data  in  [60]  3.  according  to  data  in  [55]  i 

2.  according  to  data  in  [41]  4,  present  work 

Key:  i 

Reference  [57]  discusses  three  groups  of  spectral  curves  of  spectral¬ 
brightness  coefficients  for  the  summer  surface  layer  of  the  Baltic  Sea, 
based  on  measurements  made  in  August  1981.  The  difference  in  slope  of 
these  curves  in  the  short  wavelength  region  is  caused  by  different 
concentrations  of  dissolved  and  suspended  matter.  A  similar  classification 
could  not  be  made  on  the  basis  of  measurements  made  during  the  joint 
subsatellite  experiment,  since  different  phases  of  phytoplankton  bloom  were 
observed  in  different  areas  of  the  Baltic  Sea  during  this  period.  I 

4.3.  Determination  of  the  Sea  Color  Index  From  Measurements  Made  Through 
the  Atmosphere  ! 

One  simple  method  of  analyzing  a  radiation  spectrum  is  by  the  brightness 
ratio  at  two  yavelengths.  The  selection  of  the  wavelengths  at  which  the 
brightness  railo  is  determined  is  arbitrary  and  depends  on  the  goals  of  the 
Investigatlort.  In  order  to  evaluate  the  biological  productivity  of  waters, 
the  brightness  ratio  used  [32,  39]  is  that  of  light  leaving  vertically 
upward  from  the  entire  sea  thickness.  Lx,  in  the  spectral  regions  around 
=  450  and  A*  =  550  nm 

(4.4) 

.  / 
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The  wavelengths  In  ratio  (4.4),  which  is  called  the  sea  color  index  Ije,  can 
vary  somewhat,  but  a  constant  feature  is  that  one  of  the  wavelengths  must 
be  in  the  blue  region  (430^480  nm)  and  correspond  to  the  absorption  maximum 
of  chlorophyll,  while  the  other  must  be  in  the  green  region  (520-550  nm) 
and  correspond  to  the  minimum.  Often,  a  different  determination  of  Is©  is 
used:  the  ratio  of  the  brightness  coefficients  at  two  wavelengths.  This 
value  differs  from  (4.4)  by  a  factor  equal  to  ExJEx^y  which  in  the  general 
case  is  not  unity. 

The  water  color  index  observed  in  situ  is  a  sensitive  indicator  of  the 
presence  of  chlorophyll  in  water.  Research  in  various  parts  of  the  world 
ocean  have  shown  that,  depending  on  the  bioproductivity  of  the  waters,  the 
color  index  can  range  over  more  than  two  orders  of  magnitude  [32].  With 
detailed  study  of  a  water  body  and  with  the  obtaining  of  combined  data  on 
the  chlorophyll  content  and  the  color  indexes,  the  latter  can  be  used  to 
determine  the  chlorophyll  concentration  [7].  When  a  spectrophotometer  is 
mounted  on  an  airplane  or  a  satellite,  the  color  indexes  can  be  remotely 
measured.  In  this  case,  the  measured  quantity  is  not  the  sea  color  index, 
but  the  color  index  of  the  ascending  radiation.  Measurements  made 
simultaneously  in  situ  and  by  above-surface  photometers  from  a  vessel  or  an 
airplane  show  that  there  is  a  difference  between  these  two  values  [39].  As 
the  thickness  of  the  atmospheric  layer  between  the  sea  surface  and 
photometer  increases,  the  information  content  of  the  color-index 
measurements  sharply  decreases.  This  is  because  at  high  altitudes,  the 
brightness  of  the  ascending  radiation  in  the  visible  spectral  region  is 
formed  mainly  by  the  scattered  atmospheric  radiation  and  only  10-15  percent 
by  radiation  from  the  sea  [11].  This  ratio  varies  depending  on  the 
condition  of  the  water  medium  and  the  atmosphere.  The  color  index  of 
scattered  atmospheric  radiation  is  close  to  the  color  index  of  direct  solar 
radiation  (for  X|  =  450  nm  and  X2  -  550  nm,  IjqI  0.9).  To  be  more 
precise,  the  color  index  of  atmospheric  haze  is  somewhat  less  than  this, 
since  in  clear  atmosphere,  Rayleigh  scattering  is  predominant  at  high 
altitudes,  which  shifts  the  scattered-radiation  spectrum  toward  the  short 
wavelength  region.  When  direct  solar  radiation  propagates  downward  through 
the  atmosphere,  the  color  index  increases  an  average  of  1.14-fold.  The 
value  of  I50I  increases  to  1.05.  We  note  that  the  color  index  Increases  by 
the  same  factor  when  radiation  is  propagated  back  from  the  sea  surface  to 
the  upper  boundary  of  the  atmosphere.  When  radiation  propagates  in  the 
water,  the  spectrum  can  change  significantly,  while  the  color  index  can 
have  wide-ranging  values,  from  hundredths  of  a  unit  to  several  tens  of 
units  (0.03-20)  [32].  This  depends  on  the  component  content  of  the 
seawater.  Thus,  when  chlorophyll  and  dissolved  organic  matter  are  present, 
the  proportion  of  blue-region  radiation  decreases  greatly,  and  the  color 
index  increases.  For  pure  water,  it  is  the  opposite:  the  color  index  is 
low,  since  the  blue  radiation  predominates  in  the  water.  There  are  often 
cases  when  the  sea  color  index  is  high  and  differs  greatly  from  the 
atmosphere  color  index.  Then,  radiation  with  a  low  color  index  (scattered 
atmospheric  radiation)  greatly  predominates  in  the  ascending  radiation  at 
the  upper  boundary  of  the  atmosphere,  while  radiation  with  the  color  index 
of  the  sea,  which  contains  information  about  the  sea  medium,  represents  a 
small  percentage.  The  sea  color  index  measured  from  high  altitudes  is  the 
color  index  of  the  atmospheric  haze.  How  close  this  value  is  to  the  sea 
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color  index  being  sought  depends  on  a  number  of  circumstances.  The 
approximate  formula  (4.5)  shows  the  relationship  of  the  color  index  of 
radiation  measured  at  an  altitude  of  H,  1(H),  with  the  sea  color  index  at 
an  altitude  of  H  =  0,  Ije! 

nfi)=  4,(0)  P  (X^)  +  /h,  (4.5) 

where  P(\)  is  the  transfer  function  of  the  atmosphere. 


Formula  (4.5)  was  obtained  by  simple  transformations  of  the  expression 
determining  the  color  index: 


/  ( M'S  «  _  (Atx,  -h  1  x^)  P  (Xa)  -I- 1  X, 

^*1 


(4.6) 


Formula  (4.5)  is  applicable  for  high  altitudes  because  the  brightness  of 
the  atmospheric  haze,  Lhx,  >  at  =  450  nm  is  great  compared  with  the 
sea-thickness  radiation  brightness,  Ltx,  >  and  the  sea-surface  radiation 
brightness,  Ljx,  (Table  4.7). 

Table  4.7.  Brightness  of  the  Sea  Thickness,  the  Sea  Surface  and  the 

Atmospheric  Haze  for  Three  Situations,  According  to  Data  in 
[11] ,  W/(m^  •jum’sr) 

Value  of 


•to 

a 

Expression  (4.6) 

Eutrophic  waters ,  average  haze 

0.3 

6.5 

23 

41 

0.07 

Oligotrophic  waters,  average  haze 

0.3 

9 

23 

41 

0.10 

Oligotrophic  waters,  light  haze 

0.2 

9 

27 

25 

0.16 

Note.  To  is  the  optical  thickness  of  the  atmosphere. 

Table  4.7  shows  that  the  approximation  in  which  formula  (4.5)  was  obtained 
is  the  most  valid  for  the  most  interesting  case:  eutrophic  waters  (over 
0.4  mg/m^  of  chlorophyll)  with  average  atmospheric  optical  thickness. 


From  formula  (4.5)  it  can  be  seen  that  the  color  index  1(H)  is  represented 
in  the  form  of  two  addends:  the  atmospheric-haze  color  index  and  the  sea 
color  index  I^e  (0)  with  a  certain  "weight."  This  "weight"  for  high 
altitudes  even  for  the  average  case  is  much  less  than  unity.  Thus,  the 
average  transparency  of  the  atmosphere  for  550  nm  is  equal  to  0.72,  and  the 
ratio  for  450  nm  very  probably  has  a  value  of  1/7.  Thus,  the  true 

sea  color  index  has  a  "weight"  of  0.1  in  the  sum  (4.5);  i.e.,  has  1/10  the 
weight  of  the  atmospheric-haze  color  index.  This  is  due  to  two  factors:  1) 
the  closeness  of  the  values  of  1(H)  to  unity;  i.e.,  to  the  color  index  of 
solar  radiation  and  to  the  scattering  radiation  of  the  atmosphere  and  2) 
the  small  dynamic  range  of  1(H)  compared  with  Ije. 

The  changes  in  the  color  index  with  observation  altitude  can  be  followed 
from  spectral-survey  data  made  using  an  MKF-6  camera  and  spectrophotometric 
measurements  from  various  altitudes  (Table  4.8). 
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Table  4.8.  Change  In  the  Color  Index  l<=LtnlLtta  With  Measurement  Altitude 
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Key: 

1. 

Sea 

2. 

Measurement  altitude,  m 

3. 

Notes 

4. 

Caspian,  1980 

5. 

Baltic,  1982 

Table 

4.8 

shows  that  as  light  passes 

index 

decreases  to  0.75-0.85;  l.e.. 

Index 

of 

scattered  light. 

6.  Baltic,  1983 

7 .  Mediterranean 

8.  MKF~6M 

9 .  Airborne  spectrometer 


through  the  atmosphere,  the  color 
o  a  value  characteristic  of  the  color 


The  second  fact  of  note  Is  that  the  difference  In  color  Indexes  gradually 
decreases  with  an  Increase  In  the  atmospheric-layer  thickness,  so  that  the 
radiation  spectrum  Is  characteristic  not  of  the  given  sea  region,  but  of 
the  atmosphere. 

When  the  color  Index  is  measured  from  a  vessel,  the  range  of  values  Is  also 
small  due  to  the  contribution  to  the  radiation  of  light  reflected  from  the 
water  surface  (Table  4.9).  The  color  Index  values  are  close  to  1,  and 
range  from  0.9  to  1.3.  The  values  obtained  by  two  different  photometers 
differ  somewhat.  This  is  due  to:  1)  the  difference  In  wavelengths  at  which 
the  brightness  ratios  are  determined  (543/467  nm  for  LO  COIN  and  550/480  nm 
for  Institute  of  Oceanography,  GDR  AS)  and  2)  the  distinguishing  features 
of  the  measurement  methodology. 

4.4.  Relationships  Between  Atmosphere  Optical  Thickness  and  a)  the 

Horizontal  Visibility  Range  and  b)  the  Sky  Radiation  Brightness  Under 
Various  Atmospheric  Conditions  Above  the  Baltic  Sea. 

In  accordance  with  the  experiment  program,  the  research  vessel  A.  v. 
Humboldt  was  the  platfom  for  measuring  the  spectral  brightness  coefficient 
of  the  water  surface,  pji ,  and  the  atmospheric  transmission,  Ta,  for  various 
spectral  Intervals  In  the  visible  and  IR  bands.  The  magnitude  of  px  was 
determined  according  to  formula  (4.1).  The  spectral  optical  thickness  of 
the  atmosphere,  Ta ,  was  calculated  using  data  on  tx  in  accordance  with  the 
formula : 

Tx  =  exp  (— xx);  Tx  =»  ^Ax  +  T/?x  -f  To,  +  th,o,  (4,7) 

where  Xax  is  the  aerosol  optical  thickness  of  the  atmosphere;  t/?x  Is  the 
Rayleigh  optical  thickness;  to.  Is  the  ozone  optical  thickness  and  Is 

the  water-vapor  optical  thickness. 


I 
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Table  4,9 •  Color  Indexes  According  to  Vessel  Spectrophotometer 
Measurements,  April  1982. 
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Key: 
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4. 
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2. 
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5. 
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3. 
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6. 

Institute  of 

Oceanography,  GDR  AS 


During  the  experiment,  the  meteorological  visibility  range,  S,  was 
estimated,  with  more  precise  determination  made  by  shipboard  radar. 
Measurements  of  the  sky  radiation  brightness  on  an  almucantar  were  made 
right  after  measurements  of  the  atmospheric  transmission,  with  a  delay  of 
not  more  than  5  min.  Within  the  framework' of  the  experimental  research, 
the  following  problems  were  considered  in  this  part  of  the  work: 


1)  the  function  of  the  horizontal  visibility  range  vs.  the  spectral  optical 
thickness,  xj  ; 


2)  the  relationship  between  the  atmospheric  optical  thickness  of  a  given 
spectral  interval  and  the  wavelength,  \, and 

3)  the  relationship  between  the  atmospheric  spectral  thickness  and  tl 
spectral  brightness  of  sky  radiation  at  wavelengths  of  443  and  777  nm. 

The  optical  condition  of  the  atmosphere  above  the  sea  is  largely  determined 
by  the  aerosol  component  of  the  optical  thickness,  XAk ,  which  can  be 
extracted  using  the  following  relationship: 


x>iA  —  — In  T).  —  x/^x — xo,  —  xh,o. 


(4.8) 


The  values  of  to,  and  th,o  8e  evaluated  graphically  by  analyzing  the 
spectral  change  in  the  measured  transmissions,  Tk,  while  the  contribution 
of  the  Rayleigh  component,  t/jx  »  is  determined  using  the  formula 


<:«x=0,008791-‘''». 


(4.9) 


It  can  be  seen  from  Table  4,10  that  for  medium  and  long  visibility  ranges, 
S,  (from  6  to  20  km),  different  values  of  transmission,  T,  or  optical 
thickness,  XAXy  correspond  to  the  same  values  of  visibility  (Fig  4.8), 
Thus,  the  frequently  proposed  close  relationship  between  horizontal 
visibility  range  and  atmospheric  optical  thickness  for  Baltic  Sea 
conditions  apparently  exists  only  in  exceptional  cases,  when  the  aerosol 
vertical  stratification  coincides  with  the  moisture-distribution  profiles. 

Table  4.10,  Horizontal  Visibility  Range  and  Description  of  Atmospheric 
Masses.  April  1982. 
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1.  Measurement  No  5. 

2.  Date  6. 

3.  GMT,  h  min  7. 

4.  Solar  altitude,  ®  8. 

9.  Description  of  atmospheric  masses 

10.  Arriving  polar  marine  air  masses 

11.  Marine  transformed  air  masses 

12.  Same 

13.  Marine  transformed  air  masses  mixed  with  continental 

14.  Polar  arctic  air  masses  behind  cold  front 

15.  Unstable  polar  arctic  air  masses  behind  cold  front 

16.  Polar  marine  air  masses 

17.  Descending  dry  polar  marine  air  masses 

18.  Marine  air  masses 
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Figure  4.8.  Spectral  Dependence  of  Aerosol  Optical  Thicknesses,  ,  for 
Conditions  Shown  in  Table  4.10. 

Key: 

1 .  \  ,  /Lim 

In  [65],  measurements  of  the  atmospheric  transmission,  Tx,  for  two 
different  sea  regions  (the  Bermuda  Region  and  the  Gulf  of  Mexico)  were  used 
to  determine  parameters  which  in  turn  were  used  to  determine  the  entire 
spectral  curve,  (X.),  from  the  aerosol  optical  thickness  at  670  nm: 

x^(X)-a(X/670)-*.  (4.1 

From  Fig  4i9  it  can  be  seen  that  function  (4.10)  cannot  be  applied  to  our 
data,  despite  the  sufficiently  large  volume.  Most  probably,  function 
(4.10)  is  valid  only  if  the  air  masses  vary  insignificantly;  during  the 
Baltic  expedition,  the  air  masses  were  constantly  changing  (Table  4.10),  so 
that  the  optical  characteristics — the  horizontal  visibility  range  and  the 
turbidity  factor  (optical  thickness) — correspondingly  changed. 

The  data  in  Fig  4.10  clearly  show  that  different  horizontal  visibilities 
might  correspond  to  the  same  turbidity,  Tr\.  It  can  be  noted  that  at 
wavelengths  553  and  777  nm  at  medium  visibility,  the  haze  layer  at  the 
water  surface  makes  the  horizontal  visibility  lower  than  above  land  (at  the 
same  turbidity  values).  The  land  measurements  were  made  in  the  central  GDR 
in  1979-1981. 
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In 


Figure  4.9,  Parametric  Representation  of  the  Atmosphere  Aerosol  Optical 
Thickness,  ,  According  to  the  Value  of  t>ix(670)  and  the 

Wavelength,  X: 

!•  according  to  the  LOWTRAN-S  model 

2.  according  to  data  in  [65]  for  the  Bermuda  Islands  region 

3,  according  to  data  in  [65]  for  the  Gulf  of  Mexico 

The  points  represent  the  authors*  experimental  data  for  the  Baltic  Sea. 

As  a  result  of  the  authors*  research,  a  single-valued  linear  relationship 
was  established  between  the  differences  in  the  spectral  brightness  of  sky 
radiation  measured  at  large  scattering  angles,  V»  snd  the  corresponding 
differences  in  the  spectral  optical  thickness  (Fig  4.11).  The  optical 
thickness  for  a  different  wavelength  can  be  determined  from  the  measured 
sky  radiation  brightnesses  for  various  wavelengths  and  the  optical 
thickness,  t,  for  one  of  these  wavelengths.  If  a  similar  correlation 
function  could  be  established  between  the  brightness  of  the  ascending 
radiation  of  the  ocean-atmosphere  system,  and  the  optical  thickness , 

then,  determining  the  optical  thickness,  T76o>  in  the  oxygen  absorption  band 
(about  760  nm)  using  the  method  proposed  in  [8]  and  using  the  radiation 
brightness  measured  in  a  different  channel,  the  optical  thickness  in  the 
440  nm  wavelength  region  could  be  found,  in  which  the  chlorophyll 
absorption  band  is  located 

^  ^  ('^443  ‘^76o)-  (4-10 


56 


This  procedure,  in  principle,  could  be  useful  for  remotely  determining  the 
chlorophyll  concentration  in  sea  water. 


Figure  4.10.  Function  of  Spectral  Values  of  the  Turbidity  Factor 
T  +  the  Horizontal  Visibility 

Key: 

1.  Sea  2.  Land  3.  777  nm  (sea) 


Figure  4.11.  Relationship  Between  the  Atmosphere  Optical  Thickness,  T,  and 
the  Sky  Radiation  Brightness  Measured  on  an  Almucantar  for 
Scattering  Angles  of  V  =  130,  140  and  150°: 

The  correlation  coefficients  are  shown  in  parentheses. 

Key: 

1.  mW/(cm*  •/Uiii’sr) 
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4.5.  Investigation  of  the  Radiation  Brightness  Field  of  the 

Water+Atmosphere  System  from  Satellite  Images  of  the  Baltic  Sea. 

During  the  experiment  period,  a  series  of  images  of  the  Baltic  Sea  in 
several  spectral  ranges  was  obtained  from  the  Nos  30  and  31  Meteor 
satellites.  The  MSU-S  camera  (visible  and  near-IR  bands)  provided 
information  on  16,  17  and  20-26  April  and  the  Fragment  camera  provided 
information  for  23  and  24  April  (Table  4.11). 

Table  4.11.  List  of  Satellite  Visible-Band  Information  from  the  No  30 
Meteor  Satellite.  Fragment  Camera.  (Optical  Part  of  the 
Experiment) .  April  1982. 
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were  obtained 

The  experiment  participants  had  most  of  the  data  from  the  MSU-S  camera  only 
in  the  form  of  Images  (Fig  4.12)  (negatives  and  positive  prints).  For 
technical  reasons,  high-quality  reproduction  of  the  satellite  images  in  the 
present  publication  is  impossible.  This  circumstance,  as  well  as  the 
distinguishing  features  of  obtaining  and  photographically  recording  this 
information,  necessitate  limiting  this  presentation  to  only  a  qualitative 
description  of  the  general  structure  of  the  brightness  field  of  the  water 
surface  and  atmosphere. 


58 


Figure  4.12*  Frame  from  the  MSU-S  Camera  Obtained  from  the  No  30  Meteor 
Satellite  on  23  April  1982  at  0946  GMT,  Pass  10013,  Channel 
0.5-0. 7  [xm 

The  17  April  picture  shows  a  strip  (about  20-50  km  wide  along  the  eastern 
coast  of  the  Baltic  Sea  from  Kaliningrad  northward,  including  Saaremaa  and 
Hiiumaa  Islands)  which  has  a  slightly  higher  water-surface  brightness  than 
the  rest  of  the  cloud-free  sea. 

From  the  image  obtained  on  20  April,  this  distinguishing  feature  is 
maintained  in  the  region  from  Ventspils  northward,  including  Saaremaa  and 
Hiiumaa  Islands,  and  somewhat  farther  north  to  the  mouth  of  the  Gulf  of 
Finland.  The  region  of  the  subsatellite  vessel  site  is  covered  by  clouds. 
The  higher  surface  brightness  of  the  Kurshskiy  Gulf  is  very  noticeable. 

The  shallow  waters  of  this  gulf  are  frequently  turbid  because  of  wind 
action,  which  is  the  main  reason  for  the  anomalous  brightness  of  this  gulf 
on  the  satellite  images  in  the  0.5-0. 6,  0.6-0. 7  and  0.5-0. 7  jum  bands.  This 
circumstance  makes  it  possible  to  use  the  Kurshskiy  Gulf  as  a  test  area 
with  specific  optical  properties. 
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In  the  21  April  picture,  the  subsatellite  site  is  covered  by  clouds.  The 
negatives  of  the  cloud-free  pictures  of  22  and  23  April  have  low  contrast, 
and  only  the  brighter  Kurshskiy  Gulf  can  be  distinguished.  In  the  24  April 
image,  the  sea  surface  is  obscured  by  scattered  cloudiness. 

In  the  25  April  picture,  there  is  local  cloud  formation  which  completely 
covers  the  coastal  region  from  Gdansk  almost  to  Liyepaya.  The  rest  of  the 
Baltic  Sea  surface  is  cloud-free  (except  the  Gulf  of  Bothnia).  Noteworthy 
are  two  regions  of  higher  brightness:  right  near  Riga  (which  is  probably 
due  to  the  entrance  of  turbid  waters  of  the  Daugava  River  into  the  Gulf  of 
Riga)  and  north  of  Liyepaya  by  Cape  Akmenrags.  The  dimensions  of  both 
areas  do  not  exceed  several  kilometers.  The  areas  are  visible  in  the 
images  in  both  bands  of  the  MSU-S  scanner. 

In  the  26  April  image,  the  eastern  and  southeastern  zones  of  the  central 
Baltic  Sea  are  covered  with  unbroken  clouds.  In  the  picture  of  the 
0.5-0. 7  ixm  band,  there  is  a  zone  of  higher  brightness  north  of  Bornholm. 

The  contrast  of  this  zone  with  the  surrounding  water  surface  is  comparable 
to  the  contrast  observed  in  the  17  April  picture.  It  is  difficult  to 
interpret  these  contrasts  without  synchronous  subsatellite  measurements. 

Thus,  a  qualitative  analysis  of  the  satellite  Images  of  the  Baltic  Sea 
surface  made  by  the  MSU-S  camera  during  the  subsatellite  experiment  did  not 
find  contrasts  in  the  brightness  field  of  the  water+atmosphere  system 
directly  in  the  vessel  site  or  in  the  experiment  region. 


20  22 


Figure  4.13.  Map-Diagram  of  a  Frame  of  the  Fragment  Camera,  Obtained  from 
the  Meteor  Satellite  on  23  April  1982: 

1,  2.  brightness-field  cross  sections  used  for  digital  processing 

The  high-resolution  Fragment  camera  images  of  the  eastern  and  western 
Baltic  Sea  on  23  and  24  April  1982,  respectively,  were  available  not  only 
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as  negatives,  but  also  in  digital  form.  One  frame  of  the  Fragment  camera 
covers  only  part  of  the  sea  (Fig  4.13).  These  images  were  digitally 
prefiltered  to  eliminate  the  banding  effect.  Then  S.M.  Sazhin,  using  the 
experimental  computer  system  of  GosNITsIPR,  checked  the  hypothesis  of 
homogeneity  of  the  brightness  field  of  the  water+atmosphere  system  in  the 
experiment  region.  The  histograms  obtained  of  the  brightness  distribution 
along  individual  selected  cross  sections  (Fig  4.14)  indicate  the  absence  of 
significant  differences  in  the  brightness  of  individual  elements  of  the 
water-surface  Images  in  the  region  of  the  subsatellite  experiment  during 
the  experiment  period. 

L 


Figure  4.14.  Histograms  of  the  Brightness  Distribution  Along  Individual 
Cross  Sections 


Key: 

1 .  Sea  2 .  Land 

4.6.  Conclusion 

The  results  obtained  from  the  hydrooptical  observations  of  the  complex 
subsatellite  experiment  of  the  USSR  and  GDR  indicate  the  great  potential  of 
using  remote  methods  of  sensing  the  sea  in  the  visible  band  in  conjunction 
with  standard  hydrooptical  observations. 

During  the  subsatellite  experiment,  the  concentrations  of  suspended  matter 
(seston),  chlorophyll  a  and  phaeopigments  were  determined  on  a  site  near 
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International  station  9A.  The  concentration  of  dissolved  matter  and 
chlorophyll  in  the  open  sea  was  much  lower  than  in  the  nearshore  zone.  The 
observed  temporal  changes  in  pigment  concentrations  were  caused  mainly  by 
advective  processes. 

In  the  period  from  10  through  26  April,  the  air  masses  above  the  sea 
changed  constantly  for  a  week  during  the  experiment,  which  made  it 
impossible  to  obtain  valid  observational  data  for  establishing  a  function 
to  determine  the  spectral  dependence  of  aerosol  optical  thickness  according 
to  available  measurements  of  this  quantity  at  one  wavelength  (670  nm). 

Taking  into  account  the  rapid  restructuring  of  the  air  masses  over  the 
Baltic,  the  time  frames  of  future  experiments  should  be  expanded  (for 
example,  continuous  observations  of  hydrooptlcal  characteristics  on  the 
site  should  be  made  for  two  weeks).  During  the  experiment,  it  was  also 
established  that  a  distinguishing  feature  of  the  Baltic  is  the  absence  of  a 
close  relationship  between  the  horizontal  visibility  range  and  the 
atmosphere  optical  thickness;  the  only  exception  is  the  rare  case  when  the 
vertical  stratification  of  the  aerosol  coincides  with  the  moisture 
distribution  profile. 

The  satellite  visible-band  pictures  showed  no  significant  contrasts  in  the 
brightness  field  of  the  water-atmosphere  system  directly  in  the  experiment 
region,  although  outside  the  site,  for  example,  in  the  area  of  Bornholm  and 
where  the  Daugava  and  Venta  Rivers  enter,  such  contrasts  were  noted. 

However,  interpretation  of  these  contrasts  is  difficult  in  the  absence  of 
synchronous  subsatellite  measurements  in  these  regions. 

In  general,  it  must  be  emphasized  that  the  data  of  the  complex  hydrooptlcal 
research  show  that  at  present,  it  is  impossible  to  give  a  specific  forecast 
of  the  time,  duration  and  activity  of  phytoplankton  for  a  separate  small 
region  of  the  Baltic  Sea  (commensurate  with  the  subsatellite  site  of  1982). 
Therefore,  further  research  must  be  done  to  obtain  a  large  amount  of 
subsatellite  observation  data  on  the  space-time  variability  of  the 
hydrooptlcal  characteristics  of  the  Baltic  Sea.  This  last  point  is 
especially  important  for  the  interpretation  of  satellite  data,  since  a 
satellite  picture  taken  practically  Instantaneously  can  show  various  phases 
of  phytoplankton  bloom  in  different  parts  of  the  sea. 

5.  Complex  Research  on  the  Baltic  Sea  Temperature  Field 

5.1.  Distribution  of  Thermodynamic  Temperature  of  the  Water  in  the  Experiment 
Region  According  to  Measurements  Made  on  the  Vessel  A.  v.  Humboldt 

The  hydrological  conditions  in  the  region  of  the  subsatellite  experiment 
near  international  station  9A  were  characteristic  of  the  thermal  condition 
of  the  waters  in  the  deep  parts  of  the  Baltic  Sea.  The  water  temperature 
distribution  largely  depends  on  the  heat  exchange  at  the  sea  surface;  it 
has  a  definite  annual  pattern  and  has  great  temporal  and  spatial  variability. 

Detailed  research,  performed  by  different  authors,  is  available  on  the 
average  seasonal  temperature  variability  in  the  open  part  of  the  Baltic 
Sea.  The  thermal  conditions  at  station  9A  are  discussed  in  [52]. 
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The  distribution  of  the  sea-'surface-layer  temperature  (T^jI  ,  TSSL)  depends 
on  the  heat  flux  through  the  sea  surface  and  also  on  heat  exchange  with 
deeper  layers.  In  the  southern  Gotland  Basin,  there  is  an  insignificant 
annual  variation  in  temperature  to  a  depth  of  100  m. 

The  annual  variation  is  especially  pronounced  in  the  low-salinity  layer 
right  down  to  a  depth  of  50  m.  This  layer  is  almost  homogeneous  from  early 
December  to  the  end  of  April.  The  average  minimum  of  1.2®  C  at  the  sea 
surface  occurs  in  mid-March. 

In  late  April,  thermal  stratification  begins.  This  is  caused  by  the 
establishment  of  the  summer  heated  homogeneous  nearsurface  layer,  the  lower 
boundary  of  which  is  a  thermocline.  Below  40-70  m  is  a  cold  intermediate 
layer.  The  average  maximum  water  temperature,  17.2®  C,  occurs  in  late 
August.  The  thermal  discontinuity  layer  is  at  a  depth  of  20-30  m.  Only 
with  the  reduction  of  the  strong  summer  thermal  stratification  does  heat 
begin  to  penetrate  to  great  depths.  In  the  southern  Gotland  Basin,  the 
average  maximum  water  temperature  at  a  depth  of  50  meters,  5.4®  C,  occurs 
in  early  December. 

Relatively  warm  water  lies  below  the  salinity  discontinuity  layer.  The 
temperature  of  this  water  is  mainly  determined  by  advection  processes. 
Sporadic  inflows  of  brackish  waters  from  the  North  Sea  bring  in  water 
masses  of  different  temperatures. 

Besides  the  periodic  annual  variation,  there  is  also  a  relatively  weak 
daily  temperature  change  in  the  nearsurface  layers,  depending  on  the  dally 
variation  of  the  thermal-balance  components.  However,  there  are  only  a  few 
published  works  on  the  daily  variation.  Research  done  with  floating 
beacons  in  the  open  part  of  the  Baltic  Sea  [40]  established  that  the  daily 
variation  in  water  surface  temperature  also  has  an  annual  cycle.  In  April 
and  May,  this  average  daily  variation  reaches  about  0.3  K.  Research  done 
in  the  Bornholm  Basin  [54]  showed  that  daily  changes  caused  by  heat 
exchange  at  the  sea  surface  under  certain  conditions  (strong  radiation, 
absence  of  waves)  can  be  rather  large  (in  this  case,  2  K  in  7  h). 

Besides  these  periodic  changes,  significant  aperiodic  changes  in  the  water 
temperature  are  observed  in  the  southern  Gotland  Basin,  as  in  other  regions 
of  the  Baltic  Sea.  These  changes  are  especially  pronounced  in  the  summer 
at  the  thermocline  level.  Spatial  thermal  unevennesses  are  also  linked 
with  these  aperiodic  changes.  For  example,  [4]  reports  on  research  on  the 
synoptic  variability  of  the  water  temperature  and  other  physical  factors 
near  the  region  of  the  subsatellite  experiment.  A  wavelike  variation  of 
temperature-distribution  disruption  with  amplitudes  of  2-2.5  K  and 
dimensions  of  20-25  km  has  been  discovered  in  the  homogeneous  nearsurface 
layer.  At  the  thermocline  depth  (20  m) ,  the  amplitudes  Increased  to  5  K. 

The  time  ranges  of  these  low-frequency  processes  varied  from  several  days 
to  tens  of  days.  Similar  temperature  changes  near  the  subsatellite 
experiment  region  are  also  reported  in  [36]. 

A  possible  reason  for  these  water  temperature  unevennesses  might  be  moving 
eddies  caused  by  Rossby  topographic  waves  [4,  44]  or  the  breaking  of 
internal  waves  on  the  lower  boundary  of  the  thermocline  [36].  The  authors  of 
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[45]  describe  short-term  changes  in  the  surface  temperature  in  the  experi¬ 
ment  region  due  to  erosion  of  the  thermocllne  when  the  wind  causes  short- 
period  waves  to  break.  They  observed  temperature  changes  of  3.5  K  in  12  h. 

The  horizontal  gradients  linked  with  temperature-field  unevennesses  reach 
0.5  K/km  [38].  The  development  of  fronts  might  be  limited  by  a  nearshore 
zone  several  kilometers  wide  [58,  60].  Statistical  research  on  horizontal 
temperature  gradients  in  the  Baltic  Sea  was  also  conducted  in  [34], 
although  due  to  the  use  of  data  obtained  at  individual  stations,  this 
research  cannot  be  the  basis  for  conclusions  on  the  characteristics  of 
synoptic-scale  processes. 

During  the  subsatellite  experiment,  no  significant  distinguishing  features 
in  the  surface-temperature  distribution  were  observed.  According  to 
existing  maps  of  the  average  water  temperatures  for  1902-1956  [50],  the 
average  sea  surface  temperature  in  April  is  about  2.5®  C,  reaching  3.0®  C 
closer  to  shore  (near  station  974).  The  average-temperature  map  does  not 
show  any  large  horizontal  gradients  in  this  region.  A  more  detailed 
processing  of  available  data  [54]  for  International  station  9A  (102  series 
of  measurements  during  1924-1973)  shows  that  the  average  multiyear  sea 
surface  temperature  is  2.6®  C  for  19  April  (beginning  of  the  subsatellite 
experiment)  and  3.1®  C  for  26  April  (end  of  the  experiment).  At  this 
station,  the  multiyear  absolute  maximum  surface  temperature  is  4.0®  C, 
while  the  minimum  is  1.0®  C  (during  the  above  period). 

According  to  present  representations  [53],  the  surface  layers  of  the  water 
masses  in  the  site  are  still  homogeneous  in  April.  If  the  criterion 

7'ss|-7'dep>0.5K 

is  used  as  an  Indicator  of  stratification,  then  on  average,  stratification 
develops  below  a  depth  of  40  m  only  after  24  April.  In  the  upper  10-m 
layer  of  water,  stratification  appears  only  in  mid-May. 


The  sea  surface  temperatures  measured  by  the  research  vessel  A.  v.  Humboldt 
during  the  experiment  were  in  the  range  2. 6-3. 5®  C,  which  is  only  slightly 
above  the  average  values  (Table  5.1).  At  nearshore  station  974  (about 
35  km  from  the  coast),  the  values  of  TSSL  were  3. 4-6.0®  C,  while  at  station 
973,  they  ranged  from  3.5  to  4.8®  C.  These  significant  temporal  changes  in 
temperature  at  stations  974  (2.6  K  in  10  h)  and  973  (1.2  K  in  12  h)  require 
additional  research. 


On  the  site,  the  very  top  layer  of  water  to  a  depth  of  10  m  was  homogeneous 
during  the  entire  experiment  period  almost  without  exception;  gradients 
exceeding  0.1  K/10  m  occurred  in  only  7  percent  of  all  measurements.  The 
vertical  thickness  of  the  homogeneous  layer,  determined  using  the  criterion 


ns|-^dep<0.5K. 


in  most  observations  exceeded  30  m.  Noticeable  temperature  gradients  in 
the  upper  10  m  occurred  only  at  stations  974  and  973  when  radiation  was 
significant  and  in  the  absence  of  wave  mixing.  Under  these  conditions,  a 
maximum  of  1.2  K/m  was  observed,  which  for  the  layer  0-10  m  totalled 
2.5  K/10  m. 


64 


Table  5.1.  Water  Temperature  (0-2  m  Horizon)  at  Individual  Stations  of  the 
Site,  °C.  1982. 
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Horizontal  temperature  gradients  in  the  surface  layer  on  the  site 
insignificant  during  the  entire  experiment  and  varied  between  0.3 
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and 


The  homogeneity  of  the  sea-surface  temperature  field  was  also  confirmed  by 
temperature  IR  pictures  from  the  11-14  airplane. 

The  homogeneity  of  the  temperature  field,  determined  from  vessel 
measurements  in  the  subsatellite  experiment  site,  made  it  possible  to 
obtain  reliable  reference  information  for  comparison  with  satellite 
measurements  of  water  surface  temperature. 

5.2.  Analysis  of  Sea  Surface  Layer  Temperature  (TSSL)  in  the  Test  Areas 

Measurements  of  TSSL  from  Vessels  and  at  GMS^s  [hydrometeorological 
stations].  Three  test  areas  were  used  to  evaluate  the  satellite 
measurements  of  the  TSS: 

1)  the  site  of  the  Soviet-German  experiment  (measurements  by  the  research 
vessel  A.  v.  Humboldt; 
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2)  the  Gulf  of  Riga  (GMS  observations)  (Fig  5.1)  and 

3)  the  southern  part  of  the  Baltic  Sea  (measurements  by  vessels  of 
opportunity)  (Fig  5.2).  Every  day,  5-10  observations  were  made  in  this 
area  quasi— synchronously  with  the  satellite  measurements. 

The  Gulf  of  Riga  was  selected,  firstly,  because  it  has  a  sufficiently 
developed  network  of  hydrometeorological  stations  and,  secondly,  because 
variance  analysis  showed  that  the  data  from  the  Gulf  of  Riga  GMS's  can  be 
considered  as  representative  for  comparison  with  the  satellite  data,  as 
opposed  to  the  data  from  other  GMS’s,  which  do  not  satisfy  the  criterion  of 
variance  homogeneity  (Table  5.2). 

Observation  data  were  processed  using  variance  analysis  methods.  The 
following  conditions  are  prerequisite  for  the  variance  analysis: 

1)  the  observation  results  must  be  mutually  Independent  random  values  and 

2)  the  measurements  must  have  normal  distribution  and  the  same  variance. 

Since  in  this  situation,  the  observation  subjects  (TSSL  measurements  from 
vessels  and  stations)  can  be  considered  as  randomly  selected,  because  each 
subject  is  measured  individually,  therefore  it  is  entirely  acceptable  to 
assume  that  the  first  condition  is  fulfilled. 


Figure  5.1.  Portion  of  a  Map  of  Radiative  Temperature  (°C)  Obtained  in  the 
Gulf  of  Riga  from  the  No  7  Meteor-2  Satellite  on 
24  April  1982,  0100  GMT: 
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Figure  5,2.  Surface  Temperature  of  the  Baltic  Sea  (*^C)  from  Data  of  the 
No  7  Meteor-2  Satellite.  17  April  1982,  1200  GMT: 

1.  southern  test  area 

2.  site  of  the  research  vessel  A.  v.  Humboldt 


Key: 

1 .  Clouds  2 .  Liyepaya  3 .  Klaypeda 

A  verification  of  the  second  condition  of  the  variance  analysis  requires 
the  use  of  specially  developed  mathematical  methods.  We  will  verify  this 
condition  for  a  set  of  observation  data  on  the  TSSL  obtained  from  16 
through  25  April  1982  at  0600  GMT  at  shore  stations  of  the  Gulf  of  Riga 
(Table  5.2). 

Verification  of  Variance  Homogeneity 
a)  homogeneity  of  station  variances 

Using  the  Cochran  test,  the  hypothesis  of  whether  the  greatest  variance 
value  differs  from  the  other  values  is  tested.  For  this,  the  following 
ratio  is  calculated 

12 

si  =  3,3/21 ,7  =  0, 15. 
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Table  5.2.  TSSL  Measured  at  Hydrometeorological  Stations  of  the  Gulf  of 
Riga  at  0600  GMT,  °C 


(1) 

HoMep 

CTaiimiH 

(2) 

Anpeab 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

1 

3 

3 

3 

3 

2 

0 

2 

3 

3 

3 

2.5 

0.9 

2 

3 

6 

4 

2 

3 

0 

2 

2 

2 

3 

2,6 

1.0 

3 

2 

5 

3 

2 

3 

0 

2 

2 

2 

2 

2,3 

1.6 

4 

4 

6 

3 

3 

2 

1 

1 

2 

G 

4 

3.2 

3,3 

5 

2 

3 

2 

2 

0 

0 

1 

4 

4 

3 

2,3 

1.8 

6 

3 

5 

3 

4 

5 

1 

2 

6 

4 

6 

3.8  ^ 

2.4 

7 

2 

4 

2 

2 

1 

0 

0 

2 

4 

3 

2,0 

2.0 

K 

1 

2 

3,6 

2 

0 

1 

1 

2 

6 

4 

2,3 

2.7 

9 

1 

2 

2 

2 

0,5 

1 

2 

3 

4 

5 

2.3 

2.0 

10 

3 

3 

3 

2 

2 

2 

3 

3 

4 

5 

3,0 

0,8 

11 

3 

4 

4 

3 

2 

1 

4 

3 

5 

3 

3.2 

1.3 

12 

1 

2 

2 

2 

1 

! 

1 

2 

4 

5 

2.1 

1.9 

2,3 

4,0 

2,9 : 

2,4 

1.8 

0,7 

1.8 

2,8 

4,0 

3,8  i 

S) 

1,0 

1,7 

0,5 

0,4 

2.1 

0,5 

I.l 

1.4 

1,6 

I.l  1 

J 

I 

2 

3 

4 

5 

6 

7 

8  1 

9 

10  1 

Key: 

1.  Station  number  2.  April 

The  upper  1-percent  critical  value  for  the  12  variances  Is  equal  to  0.25 
when  the  number  of  degrees  of  freedom  of  each  evaluation  Is  k  =  9  [16]. 
Since  this  exceeds  the  calculated  value,  there  Is  not  sufficient  basis  for 
rejecting  the  hypothesis  of  variance  equality. 

b)  homogeneity  of  dally  variances 

10 

55-2,1/11,4  =  0.18. 

The  upper  1-percent  critical  value  for  10  variances  Is  equal  to  0.26  at 
k  =  11  [6],  which  also  exceeds  the  calculated  value. 

/ 

Thus,  for  the  set  of  measurements  under  consideration,  the  assumption  of 
variance  homogeneity  for  the  variance  analysis  can  be  accepted. 

Test  of  Normal  Distribution  of  Measured  Values  of  TSSL.  The  hypothesis 
that  the  TSSL  has  a  normal  distribution  function  Is  tested  by  using  the 
Pearson  test  (the  X'  test).  For  this  set  of  data,  the  calculated  value  Is 
X*  =  8.  The  critical  upper  and  lower  values  of  (for  the  number  of 

degrees  of  freedom  k  =  n— 3,  where  n  Is  the  number  of  Intervals,  n  =  5), 
determined  for  the  level  of  test  significance  of  q  =  1  percent,  are  equal 
to:  x'i=9.2  and  x5=0.02.  Since  x5  <X''<x'f  »  hypothesis  of  normal 
distribution  of  the  random  value  Is  accepted. 

Thus,  the  prerequisites  of  variance  analysis  are  fulfilled;  consequently, 
we  can  move  on,  properly,  to  performing  the  analysis.  The  goal  of  the 
research  will  be  to  determine  the  possible  differences  between  groups  of 
data;  l.e.,  between  measurements  of  TSSL  at  one  station,  but  on  different 
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days,  or  between  TSSL  measurements  for  the  specified  period  at  different 
stations.  The  Influence  of  two  factors  simultaneously  affecting  TSSL  is 
studied:  the  main-level  factor,  D,  ("days”)  and  the  second  factor,  C, 
("stations,”  subgroup  level) . 


There  ate  v  =  10  levels  of  factor  D  and  r  =  12  levels  of  factor  C,  and  each 

cell  contains  one  observation.  Then,  one  observation  can  be  represented  in 

the  form  (it  is  assumed  that  there  is  no  interaction  between  the  factors): 

'/■/y  =•  +  Ti  +  ^0-  r>.l) 

where  ji  is  the  overall  mean;  yi  Is  the  effect  from  the  i-th  level  of  factor 
C  and  Si  is  the  effect  from  the  j-th  level  of  factor  D. 

Hereinafter ,  we  will  designate  J\  as  the  mean  of  the  observations  of 

factor  C  on  the  1-th  level  and  Tj  as  the  mean  of  the  observations  of 

factor  D  on  the  j-th  level.  The  evaluations  of  "fj  and  jv  are, 
respectively,  the  overall  mean  ^ 


T-. 


and  the  level  means 


^4*  ^  ^  y  1 

y»i 


l=l 


The  overall  variance  (S*)  and  its  components  (  Sj,  Si,  5*  )  are  determined 
using  the  formulas: 


5'^ 


!rr2  =-7^. 


rv  — I  ^  ^ 

Pi 


(■'‘>.2) 


where  Q  Is  the  total  sum  of  the  squares  of  the  deviations  of  individual 
observations  from  the  overall  mean; 


(6.3) 


/-I 


where  Qi  is  the  sura  of  the  squares  of  the  differences  between  the  row-wise 
means  and  the  overall  mean; 

y-1 

where  Q^,  is  the  sum  of  the  squares  of  the  differences  between  the 
column-wise  means  and  the  overall  mean  and 

r  V 

•S3 -  (r-l)i.-l)  2  2 (5.5) 

/=»!  y=i  \  i\  9 

where  Qg  is  the  residual  sum  of  the  squares,  which  characterizes  the 
influence  of  other  factors  not  taken  into  consideration. 
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The  results  of  variance  analysis  using  formulas  (5.2)'^5.5)  are  given  in 
Table  5.3.  The  overall  mean  of  the  observations  is  J  =  2.6°  C. 


Table  5.3.  Results  of  Variance  Analysis  of  TSSL  Observations  at 
Hydrometeorological  Stations  of  the  Gulf  of  Riga  on 
16-25  April  1982,  0600  GMT 


Variance  Component 

Sum  of 
Squares 

Number  of 
Degrees  of 
Freedom 

Evaluations  of 
Variance,  K® 

Between  row-wise  means 

(factor  C) 

Between  column-wise  means 

33 

11 

0.3 

(factor  D) 

126 

9 

12.6 

Residual 

91 

99 

0.9 

Total 

250 

119 

2.1 

In  order  to  ascertain  the  significance  of  the  Influence  of  factors  D  and  C 
on  the  investigated  characteristic,  the  factor-wise  variances  must  be 
compared  with  the  residual  variance.  The  statistics  Fc=S|*/S3  are 
calculated  with  'ft,  =  r — 1  =  11  and  As=(t> — 1)  •  (r — 1)=9"  1 1  =99  degrees  of 
freedom,  as  well  as  Fd=sIIS3  with  A|  =  t> — 1=9,  ^a=99* 

Fc  =  0,3/0, 9  =  0,33;  Fo  -  12,6/0,9  =  14. 

For  a  level  of  significance  of  a=0,05  ,  tables  [16]  are  used  to  determine 
the  critical  value  i  ^o,05;  ii;  99  “  1>88;  fo.os  9:  99  “  1,97  • 

f  c<il^  a,  ii,k,  ;  consequently,  it  can  be  confirmed  that  the  difference  between 
stations  does  not  significantly  affect  the  determination  of  TSSL  of  the 
Gulf  of  Riga.  The  value  of  ~f  determined  in  this  manner  can  be  used  as  a 
standard  for  comparison  with  the  satellite  data,  and  the  gulf  Itself  can  be 
considered  an  acceptable  test  area  (from  the  point  of  view  of  the 
correctness  of  comparing  TSSL  and  T^) • 

FD'>Fa,it,it,  ;  l.e.,  the  influence  of  factor  D  is  significant,  and  a 
satellite-data  correction  determined  from  in  situ  observations  made  on  one 
particular  day  cannot  be  applied  to  other  days. 

A  study  of  the  data  of  in  situ  measurements  of  TSSL  at  nearshore  stations 
of  the  Baltic  Sea  Itself  showed  that  the  daytime  observations  of  GMS's 
during  this  period  are  not  representative  (Tables  5.4  and  5.5)  from  the 
point  of  view  of  using  them  to  evaluate  the  precision  of  satellite 
measurements:  in  light  of  the  heating  of  the  narrow  nearshore  zone,  the  GMS 
measurements  differed  from  the  TSS  measurements  made  from  the  11-14 
airplane  in  that  same  nearshore  zone  by  4-5  K.  Thus,  for  example,  aerial 
measurements  in  the  Gulf  of  Riga  made  by  SZ  UGKS  [not  further  Identified] 
during  the  day  on  25  April  recorded  a  temperature  field  of  3-5®  c  with  a 
maximum  of  6°  C  in  the  Gulf  of  Pyarnus,  while  the  GMS  daytime  observations 
give  TSSL  values  of  6-10°  C.  At  the  same  time,  the  TSSL  measurements  from 
vessels  in  the  open  sea  differed  from  the  airplane  TSS  measurements  by  not 
more  than  1  K.  Therefore,  the  daytime  GMS  observations  were  not  used  in 
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further  analysis  of  the  precision  of  satellite  TSS  measurements  or  in  the 
evaluation  of  AT  from  subsatellite  observations.  However,  in  the  Gulf  of 
Riga,  GMS  information  was  used  on  observations  made  only  at  0600  GMT,  when 
the  influence  of  daytime  heating  is  still  insignificant. 

Table  5.4.  Values  of  TSSL  Measured  at  GMS’s  of  the  Gulf  of  Riga  at 
1200  GMT,  °C 


(  1  )  HoMep 

CTailUHH 

(2) 

AnpeJib 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

1 

3 

3 

5 

4 

2 

3 

5 

5 

to 

10 

5 

2 

7 

6 

5 

4 

3 

4 

5 

6 

8 

10 

5.8 

3 

7 

7 

2 

4 

4 

5 

5 

7 

8 

6 

5,5 

4 

— 

— 
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5 

6 

8 

8 

8 

12 

10 

7,6 

5 

4 

4 

3 

5 

4 

3 

7 

8 

11 

10 

5,9 

6 

3 

3 

2 

3 

4 

5 

5 

5 

8 

6 

4,4 

4.8 

4.7 

3.5 

4.1 

3.8 

4.7 

5,8 

6.5 

9,5 

8.7 

Key ; 

1 .  Station  number  2 .  April 

Table  5.5.  Values  of  TSSL  Measured  at  GMS's  in  the  Southern  Part  of  the 
Baltic  Sea  at  1200  GMT,  °C 


\  HoMep 
'  /  craHUHM 

(  2  )  Anpeab 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

1 

6 

5 

4 

5 

5 

3 

9 

8 

10 

7 

2 

6 

5 

5 

4 

5 

3 

6 

6 

8 

6 

3 

8 

6 

6 

4 

4 

3 

9 

9 

8.6 

4 

— 

— 

— 

5 

4 

3 

8 

10 

8 

8 

5 

6 

9 

6 

_ 

6 

6 

8 

— 

6 

9 

5 

5 

4 

3 

I 

5 

6 

7 

5 

Key: 

1.  Station  number  2.  April 

5.3.  Analysis  of  the  TSS  Measurements  by  Airborne  IR  Radiometer  on  the  Sea 
Test  Area 

During  the  entire  experiment,  LO  GOIN's  11-14  airplane  laboratory  performed 
a  temperature  survey  on  test  areas,  the  dimensions  of  which  were 
commensurate  with  the  resolution  element  of  the  satellite  camera.  On  18, 
19,  24  and  26  April,  the  work  was  performed  on  a  site  south  of  the  point 
long  19°  E,  lat  56°  N  (see  Fig  2.5).  On  23  April,  the  flights  covered  a 
square  directly  adjacent  to  the  coastline  (see  Fig  2.6).  In  order  to 
evaluate  the  influence  of  the  dally  TSS  variation  on  the  measurements, 
several  flights  were  made  in  the  same  square  on  18  and  23  April  (see  Figs 
2.5  and  2.6).  The  goal  of  this  experiment  was  to  obtain  reliable  data  for 
evaluating  the  precision  of  satellite  measurements;  it  was  necessary  to 
determine  the  optimum  number  of  flight  legs  needed  to  evaluate  the  average 
TSS  over  the  test  area  Cf°). 
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Table  5.6  gives  the  results  of  measurements  obtained  on  24  April  1982  using 
an  airborne  IR  radiometer.  These  results  were  processed  using  a  parametric 
model  with  fixed  levels  of  the  factor  L  (the  factor  "flight  legs").  The 
influence  of  the  selection  of  various  legs  on  the  magnitude  of  ~f°  was 
investigated.  The  prerequisites  for  variance  analysis  were  considered  to 
be  fulfilled. 

Table  5.6.  TSS  Measurements  by  an  Airborne  IR  Radiometer  on  the  Test  Area 
on  24  April  1982,  1100-1300  GMT 


Key: 

1.  Leg  2.  TSS,  °C 

We  use  the  parametric  model 

=  +  +  (5.6) 

where  Zn  is  the  random  remainder;  p  is  the  overall  mean;  is  the  effect 

caused  by  the  influence  of  the  t-th  level  of  the  factor;  t=l . fit;  t==\, 

2,  3 . 8;  rt|  =  12:  n2=I8;  n3=22;  n4  =  19;  n5  =  19;  n6  =  28:  ni=  24;  «8=  12,  A^=  154. 


The  mean  square  between  legs  is  equal  to 

(k  ~  1)-'  i  n,  (T,,  -Tf  =  0,57 


The  mean  square  within  legs  is  equal  to 


Table  5.7.  TSS  Measured  by  Airborne  IR-Radiometer  on  the  Test  Area 
19  April  1982,  1230-1450  GMT 
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Ft,  96;  0,999  =  3,7 


The  ratio  of  standard  deviations  is  equal  to  5.1.  The  critical  value  of 
the  F-distribution  with  k^-l  and  N-k  degrees  of  freedom  and  a  significance 
level  of  a  =  0.001  is  found  from  table  [16]:  Z’/;  )4G;  o,ood  =  3,7. 

Since  5,7>^7;  m6;  0,999,  the  zero  hypothesis  on  the  absence  of  differences 
between  the  legs  is  rejected,  and  there  is  a  strict  difference.  Similar 
conclusions  were  obtained  in  the  processing  of  observa^ons  for  18,  19  and 
26  April  (Table  5.7).  Consequently,  when  determining  7®  from  airborne 
measurements,  the  flight  legs  should  not  be  arbitrary,  but  should  rather  be 
an  optimum  number  according  to  a  certain  constant  pattern.  An  anal^ls  of 
all  the  measurements  made  showed  that  an  undlstorted  evaluation  of  70  with 
minimum  time  expenditure  is  obtained  with  flights  along  legs  l-b*^.  Thus, 
Z-shaped  routes  over  the  site  are  most  suitable  for  determining  70. 

In  order  to  determine  the  significance  of  the  daily  variation  in 
temperature  (factor  F,  representing  '^flights")  on  the  investigated 
characteristic,  P ,  airborne  measurements  obtained  on  18  and  23  April  were 
processed  using  two-factor  variance  analysis  (Tables  5.8-5.11).  On  23 
April,  measurements  were  made  in  the  nearshore  region,  where  the  dally 
variation  would  be  expected  to  have  the  greatest  Influence  on  the 
temperature-survey  results.  Two  flights  (2nd  and  3rd)  were  made  over  a 
Z-shaped  path  on  23  April;  the  survey  was  completed  in  1.5  h.  Two  flights 
were  also  made  on  18  April,  but  the  survey  consisted  of  6  legs  and  required 
4.5  h. 

Table  5.8.  TSS  Measurements  by  Airborne  IR  Radiometer  Over  the  Test  Area 
on  23  April  1982, 
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Tb^icu 
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Key: 

1.  Flight 


2 .  Leg 


Table  5.9.  Results  of  Variance  Analysis  of  TSS  Data  Obtained  by  an 
Airborne  IR  Radiometer  on  23  April  1982 


Variance  Component 


Sum  of 
Squares , 


Number  of  Evaluations  of 

Degrees  of  Variance, 

Freedom 


Row-wise 

Column-wise 

Residual 

Total 


0.06 

1 

0.06 

0.31 

2 

0.155 

0.07 

2 

0.035 

0.44 

5 

0.09 
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Table  5. 10,  TSS  Measurements  by  Airborne  IR  Radiometer  Over  the  Test  Area 
on  18  April  1982,  °C 


)  3a;jeTbi 

1  (  2)  ra;icbi 
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1 

6,3 

5.5 
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4,6 

4.0 

6.0 

5.2 

2 

5.1 

5,2 

5,5 
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5.3 

5.0 

5.3 

T*J 

5,7 

5,35 

5,25 
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4,7 

5.5 

5.25 

Key: 

1.  Flight  2.  Leg 

Table  5.11.  Results  of  Variance  Analysis  of  TSS  Data  Obtained  by  Airborne 
IR  Radiometer  on  18  April  1982 


Variance  Component 

Sum  of 

Number  of 

Evaluations  of 

Squares 

,  K®  Degrees  of 

Freedom 

Variance, 

Between  row-wise  means 

(factor  F) 

Between  column-wise  means 

0.03 

1 

0.03 

(factor  L) 

1.29 

5 

0.26 

Residual 

2 . 66 

5 

0.53 

Total 

3.98 

11 

0.36 

fp  =0.03a/0.53i> 

-0.004 

=0.26>/0.53a 

fp<Fa(F) 

-0.24 

n<^.(L) 

The  sums  of  the  squares  Q,,  ( 

^2  and  Qa 

and  the  evaluations  of  the  variances 

were  found  using  formulas  (5 

.2)-(5.5). 

The  significance  of 

the  influence 

of  factors  F  and  L  ("flight  legs")  were  determined  by  calculating  the 
statistics  Fl  =  S|/S2;  Fp  =52,^3  5 

Fp  «  0,06/0,035  =  1,7;  =0,155/0,035  =  4,4. 

For  a  level  of  significance  a  =  0.05  and  a  number  of  degrees  of  freedom  of 
kj  =  1  and  -  2^  the  critical  value  of  the  F -distribution  is 
Fa(F)=18,51;  /fi=*2==2  F«(l)  =19,0  .  Consequently,  Fp<F«  (p),  FL<Fa(i. 

Thus,  the  zero  hypothesis  on  the  equality  of  the  row-wise  means  is  not 
rejected;  i.e.,  the  influence  of  factor  F  on  the  investigated 
characteristic  is  insignificant.  The  influence  of  factor  L  is  also 
insignificant.  Consequently,  measurements  can  be  made  on  a  site  in  the 
nearshore  zone  over  1.5  h  without  the  daily  temperature  variation 
significantly  influencing  the  value  of 

In  the  open  sea,  the  influence  of  factor  F  on  the  investigated 
characteristic  (7°)  is  also  insignificant,  although  the  measurements  were 
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conducted  over  4.5  h.  In  general,  the  airborne  measurements  over  the 
subsatellite  site  showed  that  Z-shaped  routes  are  sufficient  to  reliably 
determine  the  average  surface  temperature  of  this  area,,  and 
quasl^synchronous  information  can  be  used  for  comparison  with  satellite 
data;  the  time  Interval  between  the  airborne  and  satellite  measurements  can 
be  as  long  as  4  h.  It  must  be  taken  into  account  that  during  the 
experiment  period,  there  was  practically  no  thin-fllm  effect;  during  other 
seasons,  the  temperature  variability  In  the  thin  film  might  reduce  the 
permissible  time  Interval  between  airborne  and  satellite  measurements. 

The  same  time  interval  between  measurements  was  selected  for  comparing 
research-vessel  and  satellite  data:  when  determining  the  mean  difference 
between  vessel  and  airborne  observations,  all  vessel  temperature 
measurements,  ,  made  less  than  4  h  before  or  after  the  airplane 
overflight  above  a  given  point  were  considered.  The  resulting  mean 
difference  {Ty —  Toh)  (where  Tab  designates  the  airborne  temperature 
measurements  quasi-synchronous  with  the  research-vessel  measurements)  was 
then  added  to  the  mean  radiative  temperature  obtained  on  the  site  by  the 
airborne  IR  radiometer ,  "p .  Then  the  quantity  +  ^b)  directly 

compared  with  the  average  value  of  the  satellite  radiative  temperature, 
y^at  >  site. 

Thus,  the  atmospheric  correction  for  the  Meteor  satellite  was  determined 
as:  Afj  =  ~^at  •  case  that  there  were  no  airplane 

flights  on  a  given  day,  then  the  correction  AT's  for  the  site  was 
determined  only  according  to  the  measurement  data  taken  by  the  research 
vessel  A.  v.  Humboldt  within  ±2  h  of  the  satellite  overflight  (Table  5.16). 

5.4.  Analysis  of  the  Influence  of  the  Atmosphere  on  the  Measurements  of 

the  Baltic  Sea  Surface  Temperature  According  to  Aerologlcal  Sounding 
Data  and  Climatic  Data 

We  will  evaluate  the  actual  influence  of  the  atmosphere  on  IR  measurements 
using  another  independent  type  of  observation:  aerologlcal  sounding  of  the 
atmosphere. 

The  transformation  of  radiation  in  the  atmosphere  can  be  evaluated  using 
the  transfer  function  Px  [31]: 

X,  X, 

=  <f^hd\/inBx{rjdl  =  h,{T,)/Bu{T,,),  (5.7) 

Xi  X| 

where  <}>x  Is  the  spectral  characteristic  of  the  IR  radiometer;  h  is  the 
outgoing  radiation  of  the  earth-atmosphere  system;  Bx  is  Planck^s  function; 
T'ss  is  the  temperature  of  the  underlying  surface  and  is  the  radiative 
temperature  of  the  earth-atmosphere  system. 

Another  possible  evaluation  of  the  Influence  of  the  atmosphere  on  radiation 
is  the  quantity  ,  which  is  the  temperature  correction  to  the 

satellite-measured  value  of  . 

The  radiation  Intensity  h  in  (5.7)  can  be  calculated  using  the  radiation 
transfer  equation  [25],  for  which  it  is  necessary  to  know  the  vertical 
distribution  of  absorbing  substances  in  the  atmosphere  and  their  spectral 
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properties  (l.e.,  a  radiation  model).  We  will  select  several  atmosphere 
models  to  evaluate  radiation  transformation  in  the  atmosphere.  For  a 
description  of  the  actual  atmospheric  condition,  we  use  radiosonde 
observations  under  clear-sky  conditions  (model  1,  Table  5.12)  performed  by 
a  coastal  GMS  on  23  and  25  April  1982  near  the  time  of  the  satellite 
measurements.  For  the  climatic  version  (model  3,  Table  5.12),  we  use 
climatic  data  on  the  vertical  profiles  of  temperature,  T^\  (p)  ,  and  specific 
humidity,  q^\(p),  at  standard  levels,  P,  in  the  atmosphere  for  April  at  a 
point  with  coordinates  of  lat  55°  N,  long  20°  E  [26].  Models  2  and  4 
(Table  5.12)  combine  the  vertical  profiles  of  T{p)  and  q{p)  according  to 
climatic  and  radiosonde  and  data.  For  all  four  atmosphere  models, 
average  climatic  data  were  used  on  the  ozone  content  at  that  point  [27], 
and  the  influence  of  aerosol  was  not  taken  into  account.  The  radiation 
model  for  calculations  of  is  described  in  detail  in  [28,  30]. 

Table  5.12.  Atmospheric  Transfer  Function,  P^x  >  for  Various  Atmosphere 
Models  and  Various  Spectral  Characteristics,  y(X),  of  the  IR 
Radiometer 
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Key: 

1.  Model  number  3.  23  April  1982,  1216  GMT 

2.  Atmosphere  model  4.  25  April  1982,  1020  GMT 

This  set  of  models  used  in  the  calculations  of  P^x  makes  it  possible  to 
evaluate  the  influence  of  variability  of  atmospheric  weather  parameters 
q{p)  and  T{p)  relative  to  their  climatic  values  on  the  temperature 
correction  and  to  determine  the  contribution  of  each. 
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Several  versions  of  the  calculations  were  made  for  the  four 

atmospheric  models,  taking  Into  account  the  Influence  of  the  IR-radlometer 
spectral  characteristic  and  the  Influence  of  various  atmospheric  absorbents 
atmosphere  (H2O  and  0,)  on  the  reconstruction  of  the  water  surface 
temperature  (Table  5.12).  The  atmospheric  transfer  function  under  real 
conditions  (model  1,  (p(^)  =  l)  Is  0.929  and  0.932.  The  calculations  show 
that  the  main  contribution  to  radiation  transformation  Is  made  by  ozone, 
not  water  vapor.  This  Is  due  to  the  low  water-vapor  content  (0)=  1.1  cm  on 
23  April  and  ®  =  1.4  cm  on  25  April).  The  variations  of  weather  parameters 
relative  to  the  climatic  values  (models  2  and  4)  make  an  Insignificant 
contribution  to  radiation  transformation.  For  this  reason,  the  transfer 
functions  for  actual  conditions  and  climatic  conditions  practically 
coincide.  No  significant  changes  were  caused  by  taking  Into  account  the 
spectral  characteristics  of  the  two  operating  IR  radiometers  (I  and  II)  In 
the  calculation  of  Pax  (see  Table  5.12).  In  addition,  the  calculations 
showed  that  the  spectral  characteristics  of  the  two  IR  radiometers  were 
nearly  the  same. 

We  will  now  calculate  the  temperature  correction,  AT  ,  on  the  basis  of  the 
data  In  Table  5.12  as  a  function  of  the  radiative  temperature 
Tj  *  (-l)-(+10)°  C,  measured  by  satellite  (Table  5.13  and  Fig  5.3).  The 
actual  value  of  the  correction,  determined  from  radiosonde  data  for  23  and 
25  April  1982  Is  In  the  range  3. 6-4. 3  K,  depending  on  T,  .  According  to  the 
climatic  data,  this  correction  Is  equal  to  3.4-4. 1  K.  The  quantity  AT 
also  Is  In  this  range  when  taking  into  account  the  spectral  characteristic 
(p(^,)  for  IR  radiometer  II,  which  was  used  in  an  on-line  mode  to  obtain  the 
basic  sea  surface  temperature  maps. 


Table  5.13.  Calculated  Value  of  AT.  1982 
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Key: 

1.  23  April 

2.  25  April 


3.  Model  1 

4.  Model  3 
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Figure  5.3.  Temperature  Correction  for  Different  Atmosphere  Models  (1,  3) 
as  a  Function  of  the  Sea-Surface  Radiative  Temperature: 

I.  23  April  1982  II.  25  April  1982 

5.5.  Analysis  of  Satellite  Measurements  of  the  Temperature  Field  of  the 

Baltic  Sea  Surface  with  an  Evaluation  of  the  Atmospheric  Corrections 

This  section  uses  satellite  observation  data  on  sea  test  areas  to  analyze 
satellite  TSS  (for  the  selection  of  test  areas  and  a  description  of  the 
measurement  devices,  see  paragraphs  2. 1-2.4  and  5.2). 

Satellite  maps  were  obtained  from  the  No  5  Meteor-2  satellite  (time  of 
overflight  over  the  experiment  region,  1200  GMT)  and  from  the  No  7  Meteor-2 
satellite  (time  of  overflight  over  the  experiment  region,  about  0200  and 
1100  GMT).  In  all,  during  the  experiment  period  of  15-26  April  1982,  29 
TSS  maps  were  received  (including  10  maps  from  Meteor-2  No  5  and  8  daytime 
maps  from  Meteor-2  No  7). 

From  these  maps,  8  were  selected  as  suitable  for  comparative  analysis  of 
the  Gulf  of  Riga.  The  selected  maps  had  no  cloudiness  over  the  gulf;  the 
time  intervals  between  the  measurements  by  the  two  satellites  was  1  h.  The 
analysis  establshed  that  the  data  for  the  gulf  in  each  map  could  be  divided 
into  two  groups:  the  nearshore  zone  (block  1)  and  the  central  zone  (block 
2);  each  group  contained  21  measurements  (see  Fig  5.1).  These  groups  of 
data  have  significant  differences  in  average  TSS  values,  due  to  heating  of 
the  nearshore  zone  during  the  day  and  the  possible  partial  inclusion  of  the 
warmer  shore  in  the  radiometer  field  of  vision  (TSS  values  differing  from 
the  average  by  more  than  3(r  were  considered  spurious  and  were  rejected). 

The  results  were  processed  according  to  a  randomized  block  design.  It  was 
considered  that  the  TSS  satisfies  the  assumptions  accepted  for  the  variance 
analysis  of  random  quantities  (the  validity  of  the  assumption  of  variance 
homogeneity  was  determined  using  the  Cochran  test). 

The  measurement  and  variance-analysis  results  are  given  in  Tables  5.14  and 
5.15. 
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Table  5.14.  Values  of  Tr  (°C)  Determined  for  the  Gulf  of  Riga  According 
to  IR  Radiometer  Readings  from  Meteor-2  Satellites.  April  1982 


Key: 
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4. 

Satellite 

No 
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2. 

Block 

5. 
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No 

7 

3. 

Date 

Table  5.15.  Results  of  Variance  Analysis  of  Data  for  the  Gulf  of  Riga 
from  Meteor-2  Satellites 


Source 

Sum  of 

Number  of 

Evaluation  of 

Squares, 

Degrees  of 

Variance,  K* 

Freedom 

Blocks 

4/3 

1 

4/3 

Days 

30/13 

3 

10/4.3 

Residual 

1/4 

3 

0.3/1. 3 

Total 

35/20 

7 

5/3 

NWote.  Numerator,  satellite  No  5;  denominator,  satellite  No  7 

In  order  to  check  the  comparability  of  data  from  both  satellites,  the 
residual  variance  values  must  be  compared.  The  statistic  F  —  4.3  Is 
calculal;ed  and  compared  with  the  critical  value  of  the  f-dlstrlbutlon  with 
(3;  3)  degrees  of  freedom.  At  a  significance  level  of  a=0,05,  /^o,o5;  3;  3=9,28 
and  FcCFofls-.  3;  3  ;  consequently,  the  measurements  of  these  satellites  can  be 
considered  comparable  with  one  another.  The  agreement  of  the  results  Is 
tested  by  finding  out  whether  the  measurements  of  these  satellites  lead  to 
Identical  results.  Overall,  the  higher  evaluations  of  TSS  obtained  from 
Meteor-2  No  7  were  not  taken  Into  account,  since  this  fact  simply  Indicates 
that  the  IR  radiometers  of  the  satellites  have  different  filters,  and  the 
atmospheric  correction  which  must  be  added  to  the  IR  radiometer  readings  of 
Meteor-2  No  5  Is  larger  than  that  for  No  7.  Both  satellites  observed  a 
warmer  water  surface  on  25  April  and  colder  water  on  19  and  20  April. 

These  results  correspond  also  with  the  observations  of  nearshore  stations 
given  In  Table  5.2. 

When  determining  the  corrections  to  the  daytime  satellite  measurements  on 
the  basis  of  GMS  measurements  In  the  Gulf  of  Riga,  evaluations  were  used  of 
the  average  satellite  temperature  In  the  central  zone  (block  2)  and  the 
average  temperature  according  to  GMS  measurements  at  0600  GMT. 
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These  measurements  were  considered  quasi-synchronous,  since  It  was  shown 
above  that  In  the  open  sea,  the  change  In  average  surface  temperature  over 
4  h  was  Insignificant,  while  the  morning  measurements  by  nearshore  stations 
can  be  applied  to  the  open-sea  regions  (since  solar  heating  has  not  yet  had 
a  significant  effect  on  the  TSSL) . 

Table  5.16  gives  the  corrections  determined  according  to  satellite 
measurements  on  the  site  (for  the  airplane  test  areas,  see  Figs  2.5  and 
2.6;  these  areas  include  from  2  to  9  satellite  measurements).  A  correction 
for  atmospheric  attenuation  is  prellmlnarly  included  in  the  airborne 
measurements.  This  correction  was  obtained  on  the  basis  of  a  comparison 
with  the  data  from  the  IR  radiometer  on  the  research  vessel  A.  v.  Humboldt. 
On  those  days  when  there  were  no  satellite  observations  on  the  site,  the 
reference  point  for  comparison  was  the  in  situ  observations  of  the  A.  v. 
Humboldt . 


Table  5.16.  Determination  of  Corrections  to  Satellite  TSS  Measurements 
According  to  the  Results  of  Synchronous  Subsatellite  Obser¬ 
vations  on  the  Baltic  Sea  from  17  through  25  April  1982, 
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Note.  T'sat  i^  the  radiation  temperature  determined  from  data  of  the  ; 
Meteor-2  ^telllbes  (numerator,  satellite  No  5 /denominator ,  satellite 
No  7)  y  ^QfsAS  the  ^mperature  measured  at  the  GMS;  7^  is  the  temperature 
measured  by  vessels;  r®\ls  the  temperature  measured  from  the  IL-14 
airplane;  AT  is  the  corr^t^on  to  the  TSS  measurements  by  the  Meteor-2 
sattelites  (numerator j  No  5  sAtellite/denomlnator ,  No  7). 

Key: 

1.  Date 

2.  Gulf  of  Riga 


3  X  Site 

4.  Southern  part  of  the  sea 
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Table  5.16  also  gives  the  corrections  based  on  vessel  observations  In  the 
southern  part  of  the  sea  (southern  test  area,  see  Fig  5.2).  For  this,  the 
value  of  Tsat  obta^ed  as  the  average  of  100  or  more  satellite  measurements 
and  the  value  of  obtained  as  the  average  of  5-10  vessel  measurements 
from  vessels  of  opportunity  were  compared.  On  24  and  25  April,  the  data  of 
SZ  UGKS  aerial  surveys  were  used. 

The  total  correction  (Table  5.16)  was  obtained  as  the  average  for  three 
test  areas.  The  calculated  values  of  AT  were  Introduced  Into  the 
satellite  measurements.  As  a  result,  TSS  maps  were  constructed  with 
correction  for  atmospheric  absorption  on  the  basis  of  subsatellite 
observations  (see  Figs  5.2,  5.4  and  5.7). 


Figure  5.4.  Surface  Temperature  of  the  Baltic  Sea  (°C)  According  to  Data 
from  the  No  5  Meteor-2  Satellite.  23  April  1982,  1100  GMT 

Key: 

1.  Clouds 
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Figures  5.5  and  5.6  show  TSS  maps  constructed  taking  into  account  the 
atmospheric  correction  using  average  climatic  data  [28]. 

As  can  be  seen  from  Table  5.16,  the  atmospheric  correction  for  the 
experiment  period,  determined  from  subsatellite  observations,  was  4-7  K  for 
Meteor— 2  No  5  and  3-5  K  for  Meteor-2  No  7.  The  correction  calculated 
according  to  the  average  climatic  data  is  equal  to  4  K;  i.e.,  the  data  from 
Meteor-2  No  7  (which  has  been  in  orbit  for  less  than  a  year)  can  be 
successfully  corrected  using  the  average  climatic  method.  The  data  from 
Meteor-2  No  5  (which  had  been  operating  over  2  years  at  the  start  of  the 
experiment)  need  a  significantly  larger  correction,  which  is  due,  as  was 
Indicated  above,  to  a  possible  change  in  the  spectral  characteristics  of 
its  optics  and  to  reduced  sensitivity  of  its  radiation  detector. 

Obviously,  changes  in  the  mechanical  functioning  of  the  instrument  over  the 
operating  period  must  be  taken  into  account  (for  example,  by  artificially 
aging  a  camera  in  a  laboratory  or  by  other  methods  involving  orbital 


20  ■  25 


Figure  5.5.  Surface  Temperature  of  the  Baltic  Sea  (°C)  According  to  Data 
from  the  No  5  Meteor-2  Satellite.  25  April  1982,  0100  GMT 

Key: 

1,  Clouds 
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tests).  The  configuration  of  the  isolines  constructed  from  the  data  of 
both  satellites  also  differed  significantly;  to  some  degree,  this  might  be 
due  to  the  high  level  of  instrument  noise.  In  sum,  the  data  of  the 
Meteor-2  satellites  should  be  used  for  qualitative  analysis  of  the 
processes:  determining  latitudinal  change  and  seasonal  variability.  It  is 
unfeasible  to  do  precise  quantitative  analysis  using  the  present 
statistical  methods  (as  was  done,  for  example  in  [151])  due  to  the  high 
noise  level  and  the  insufficient  spatial  resolution:  there  are  only  2-4 
temperature  measurements  made  by  Meteor-2  satellites  for  the  site. 

Figure  5.8  shows  an  example  of  a  TSS  map  obtained  from  a  NOAA  satellite  on 
the  experimental  APPI  [not  further  identified]  of  LO  COIN  and  LPI  [not 
further  identified  on  23  April  1982.  There  are  already  84  TSS  values  for 
this  site,  which  made  it  possible  to  use  the  following  processing 
procedure:  the  atmospheric  correction  of  satellite  data  (AT  =  2  K)  was 
made  by  histogram  analysis  of  TSS  data  obtained  from  the  satellite  and  from 
the  LO  COIN  airplane.  The  method  of  evaluating  the  true  temperature  from 
the  "thermal"  side  of  the  histogram,  proposed  in  [59],  was  used  in  the 


Figure  5.6.  Surface  Temperature  of  the  Baltic  Sea  (°C)  According  to  Data 
from  the  No  7  Meteor-2  Satellite.  23  April  1982,  1200  GMT 

Key: 

1 .  Clouds 
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analysis,  taking  Into  account  the  fact  that  the  temperature  field  of  the 
site  was  homogeneous;  l.e.,  the  Intrinsic  natural  variability  of  the  TSS 
field  was  small,  while  the  Instrument  noise  levels  of  the  satellite  IR 
radiometers  and  of  the  airborne  IR  radiometer  were  comparable.  The  site 
cannot  be  analyzed  In  this  manner  using  Meteor-2  data  due  to  the 
Insufficient  number  of  satellite  observations  of  the  site. 

5.6.  Conclusion 

Overall,  the  totality  of  Information  from  all  levels  and  with  different 
spatial  resolutions  shows  the  following  picture  of  the  thermal  processes  on 
the  Baltic  Sea  surface:  uneven  heating  Is  observed,  linked  with  the 
significant  latitudinal  change  In  the  Incoming  solar  radiation  In  spring. 

In  the  southern  part  of  the  sea,  the  surface  waters  are  5-7°  C  warmer  than 
In  the  northern  part  of  the  Gulf  of  Riga.  Data  from  the  hlgh-resolutlon 
satellite  IR  radiometer  showed  that  there  are  areas  of  warm  water  ("spotty” 
formations  In  the  TSS  field)  10-15  km  In  diameter  with  a  gradient  of 


Figure  5.7.  Surface  Temperature  of  the  Baltic  Sea  (°C)  According  to  Data 
from  the  No  5  Meteor-2  Satellite.  25  April  1982,  1100  GMT 
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1°  c/km  In  the  southern  part  of  the  sea.  In  the  open  sea  at  the  latitude 
of  Klaypeda,  there  is  an  elongated  region  of  cold  waters  (100  km  across; 
temperature,  3°  C),  which  is  recorded  on  the  maps  from  satellites  with 
different  resolutions  (see  Figs  5.4  and  5.8)  and  on  the  aerial-survey  map 
of  radiative  temperature  made  during  this  period  (Fig  5.9).  The  coldest 
waters  are  in  the  northern  part  of  the  Gulf  of  Riga:  »  2  C,  according 

to  both  satellite  and  aircraft  data. 


Figure  5.8.  Surface  Temperature  of  the  Baltic  Sea  (°C)  According  to  NOAA-6 
Satellite  Data.  23  April  1982.  Projection  Close  to  the 
Projection  of  the  Satellite  Photograph 


Key: 

1.  Clouds 

The  reliability  of  the  satellite  information  also  is  qualitatively 
confirmed  by  the  results  of  TSSL  measurements  by  thermistors  towed  by  the 
research  vessel  Akademlk  Kurchatov  for  a  short  3-h  route  in  the  southern 
Baltic  as  an  auxiliary  to  the  experiment  program.  The  towed-sensor  data 
were  kindly  provided  by  K.N.  Fedorov  and  A.S.  Kazmin,  and  are  shown  in 
Fig  5.10.  According  to  the  thermistor  data,  the  water  surface  temperature 
along  the  route  varied  in  the  range  2. 7-3. 9°  C,  having  a  general  tendency 
to  Increase  from  northwest  to  southeast.  The  satellite  Information  notes 
the  same  trend  in  TSS  (Figs  5.6  and  5.8),  although  according  to  the 
high-resolution  radiometer  data,  the  range  of  temperature  variations  on  the 
same  cross  section  is  somewhat  larger  than  the  range  given  by  towed-sensor 
data.  It  must  be  noted  that  a  simple  comparison  of  the  satellite  data  with 
the  towed-sensor  data  cannot  be  considered  adequate,  in  view  of  the 
distinguishing  methodological  features  of  measuring  TSSL  using  towed 
sensors . 
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Figure  5.9.  Radiative  Temperature  of  the  Baltic  Sea  (°C)  According 
UGKS  Aerial  Survey  Data.  24-25  April  1982 

Key: 

1.  Gotland  2.  Ventsplls  3.  Liyepaya  4.  Klaypeda 


Figure  5.10.  Baltic  Sea  Temperature  According  to  Towed-Sensor  Data 
Key: 

1.  23  April  1982  2.  t,  h  3.  lat  N  4.  long  E 


According  to  the  high-resolution  satellite  data,  there  is  a  warm  nearshore 
front  with  surface  temperature  gradients  of  0.5-1^  C/km  along  the  south 
shore  of  the  Baltic.  The  width  of  the  strip  of  heated  nearshore  waters 
ranges  from  30  to  50  km  in  the  southern  sea  (according  to  high-resolution 
satellite  IR  radiometer  data)  to  100  m  along  the  Latvian  Coast  (according 
to  airborne-survey  data) .  The  existence  of  warm  nearshore  waters  leads  to 
the  formation  of  warm  air  masses  near  the  coasts,  which  in  turn  affects  the 
representativeness  of  the  water-temperature  measurements  by  coastal  GMS^s 
for  the  atmospheric  correction  of  remote  TSS  measurements.  As  was 
indicated  above,  during  the  experiment,  the  data  of  GMS^s  located  on  the 
eastern  shore  of  the  Baltic  sea  were  considered  unrepresentative  for  making 
atmospheric  corrections  of  satellite  IR  radiometer  data.  Local  air  warming 
and  the  presence  of  nearwater  inversions  in  the  air  layer  (for  example,  on 
23  April  1982)  can  also  make  unreliable  the  atmospheric  correction  of 
satellite  data  using  aerologlcal  sounding  data  from  coastal  GMS's.  Thus, 
on  23  April,  the  correction  according  to  aerologlcal  data  was  1^  C  above 
the  correction  determined  according  to  the  results  of  measurements  on 
open-sea  test  areas  (see  Tables  5.13  and  5.16).  It  is  clear  that  more 
reliable  data  could  be  obtained  from  aerologlcal  sounding  from  Island  GMS^s 
or  directly  from  research  vessels. 


Figure  5.11.  Regression  Function  Is,  (Tv)  According  to  Satellite  Remotely 

Sensed  Data  (  ).  The  Total  Number  of  Cases  of  Synchronous 

Measurements  is  N  =  116: 

Open  dots  represent  towed-sensor  data  on  23  April  1982  from  the  research 
vessel  Akademik  Kurchatov. 

The  precision  of  establishing  the  TSS  according  to  satellite  data  from 
Meteor-2  satellites  was  evaluated  during  the  experiment  period.  The 
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measure  of  precision  was  the  standard  deviation  of  TSS  established  from 
satellite  measurements  (Tss  )  from  the  temperature  measured  by  in  situ 
methods  from  the  vessel  (Ty)  within  the  permissible  time  interval  of 
measurements  (±2  h  from  the  time  of  satellite  overflight).  During  the 
entire  experiment  period,  116  pairs  of  and  were  obtained. 

Figure  5.11  gives  a  regression  function  of  T^^(T^)  for  this  sample.  The 
standard  deviation  of  the  difference  was  1.3®  C.  This  conclusion 

coincides  with  the  evaluation  of  precision  of  the  satellite  IR  radiometer 
data  collected  for  the  Baltic  Sea  in  June  1978. 

Overall,  this  subsatellite  experiment  showed  that  single-channel  satellite 
data  for  the  Baltic  Sea  during  a  transition  season  can  be  corrected  for 
atmospheric  effects  using  vessel-airplane  measurements  on  a  specialized 
subsatellite  site  located  in  a  zone  with  a  homogeneous  TSS  temperature 
field.  It  should  be  noted  that  the  joint-experiment  site  in  this  case  can 
be  considered  a  satisfactory  test  area  for  determining  the  necessary 
atmospheric  correction  for  satellite  measurements. 

In  order  to  Introduce  corrections  into  the  satellite  measurements,  GMS  data 
can  also  be  used  if  the  data  are  preliminarily  subjected  to  variance 
analysis  to  reject  stations  with  extreme  TSSL  variances.  In  certain  cases, 
GMS  aerological  sounding  data  and  open-sea  vessel  data  also  can  be  used. 
However,  in  each  specific  case,  the  actual  condition  of  the  air  masses 
above  the  sea  and  near  the  shore  must  be  taken  into  account.  Therefore,  it 
is  feasible  when  determining  atmospheric  corrections  in  the  future  to  use 
several  test  areas  for  this  purpose,  in  order  to  determine  the  possible 
latitudinal  variation  of  corrections  caused  by  the  presence  of  different 
air  masses.  In  the  present  experiment,  the  corrections  obtained  on  all 
three  test  areas  gave  comparable  results,  which  permllted  the  use  of  a 
unified  correction  for  the  satellite  data,  without  taking  into  account  the 
latitude  of  the  location.  However,  realistically,  it  might  be  necessary  to 
differentiate  the  corrections  according  to  latitudinal  (or  other)  zones. 

In  principle,  the  corrections  determined  according  to  the  computer  catalog 
of  climatic  data  can  also  be  used.  However,  they  must  be  differentiated 
depending  on  the  spectral  characteristics  of  the  specific  satellite 
radiometers,  taking  into  account  the  distinguishing  features  of  camera 
aging.  In  addition,  it  must  be  kept  in  mind  that  the  climatic  catalog, 
naturally,  cannot  take  into  account  the  actual  synoptic  variability  of  the 
atmospheric  processes. 

6.  Basic  Results  of  the  Experiment 

The  present  work  is  an  attempt  to  discuss  the  range  of  questions  linked 
with  the  organization  of  complex  subsatellite  experiments  necessary  for  the 
correct  use  of  satellite  data  for  the  study  of  a  specific  semi-enclosed 
sea:  the  Baltic  Sea.  It  should  be  noted  that  the  problems  of  using 
satellite  information  in  oceanography — given  the  limited  nature  of  this 
information  at  the  present  stage — have  been  Insufficiently  investigated. 
This  relates  both  to  oceanographic  work  in  general  and  to  regional 
investigations.  This  is  absolutely  the  case  with  the  Baltic  Sea  as  well. 
Soviet  and  foreign  publications  lack  regular  articles  on  the  use  of 
satellite  information  for  the  study  of  this  sea,  although  in  recent  years 
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the  number  of  such  efforts  has  been  gradually  increasing.  In  general,  the 
existing  experience  (mainly  foreign)  of  using  satellite  data  in  regional 
research  is  limited  in  nature. 


As  a  subject  of  study  using  satellite  Information,  the  Baltic  Sea  is 
exceptionally  complicated,  from  the  point  of  view  of  general  processing  and 
interpretation  of  the  data. 

The  irregularity  of  the  coastline  and  the  meridional  elongation  of  the  sea 
cause  difficulties  for  automated  geographic  location  of  data  with  specific 
precision.  The  interpretation  of  satellite  measurement  data  is  difficult 
because  of:  1)  the  relatively  small-scale  nature  of  the  processes,  2)  the 
strong  Influences  of  river  drainage  and  of  water  exchange  between  the  parts 
of  the  sea,  3)  the  shallowness  of  the  water,  4)  the  greater  temporal 
variability  of  the  oceanographic  parameters  than  in  the  ocean  and  5)  the 
great  frequency  of  cloud  situations  and  the  rapid  restructuring  of 
atmospheric  processes  which  are  characteristic  of  the  Baltic. 


There  is  sufficient  justification  for  considering  the  last  decade  as  the 
beginning  of  a  significant  increase  in  international  and  national 
Baltic-Sea  research,  in  which  satellite  data  is  Important. 


Data  from  satellite  remote  sensing  of  the  earth  can  make  a  noticeable 
contribution  to  the  solution  of  such  fundamental  problems  of  the  Baltic  Sea 
as:  1)  research  on  the  principles  of  the  movement  of  passive  admixtures 
(heat,  salinity,  turbidity,  biological  and  selected  chemical  elements  and 
contaminants)  in  the  Baltic  Sea;  2)  research  (including  full-scale)  and  a 
mathematical  description  of  the  characteristics  of  variability  and 
unevenness  of  hydrological,  hydrochemical  and  contamination  fields  in  the 
Baltic  Sea.  It  can  also  provide  information  for  the  mathematical 
description  of  biochemical  processes  and  for  the  study  of  the  structural 
and  functional  principles  of  biological  ecosystem  communities  of  the  Baltic 
Sea.  Satellite  oceanographic  research  must  be  based  on  the  presently 
established  bank  of  Integrated  characteristics  of  the  Baltic  Sea  and  in 
turn  must  be  one  of  the  sources  of  data  for  this  bank. 


Problems  of  studying  the  vertical  and  horizontal  mass-,  energy-  and 
momentum-exchange  of  the  Baltic  Sea  are  extremely  urgent.  The  role  of 
satellite  data  is  significant  also  in  the  study  of  eddies  and  eddy-like 
formations  of  the  Baltic  Sea.  The  occurrence  of  these  phenomena  is  not 
linked  with  any  particular  time  of  the  year;  they  can  be  observed  during 
the  entire  year.  Tracers  for  observing  eddy  currents  can  be  specific  lines 
of  plankton  bloom  fields  (in  spring  and  summer)  or  sea  surface  temperature 
fields. 


An  analysis  of  the  data  obtained  by  a  number  of  Soviet  and  foreign 
expeditions  using  the  latest  means  of  obtaining  and  methods  of  processing 
Information  leads  to  the  conclusion  that  synoptic-scale  phenomena  (such  as 
nonsteady-state  circulation,  eddies.  Internal  waves  and  upwelllngs)  are 
especially  significant  in  the  Baltic  Sea,  with  its  layers,  complicated 
morphometry  and  bottom  relief  and  irregular  coast  line.  The  surface 
manifestations  of  these  phenomena,  in  the  form  of  Inhomogeneltles  in.  1) 
water-mass  temperature  fields  and  optical  properties  or  2)  the  sea  state. 
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have  attracted  the  close  attention  of  researchers  very  recently.  The 
problems  has  been  called  the  "spottiness  of  the  Baltic  Sea”  and  was  the 
subject  for  discussion  at  a  special  conference  of  seven  Baltic  countries 
(Tallinn,  22-23  March  1983)  within  the  framework  of  the  International 
Council  for  the  Exploration  of  the  Sea. 

This  problem  can  only  be  solved  by  the  wide  use  of  satellite  information 
with  the  organization  of  complex  vessel-airplane  experiments  on  the  sea 
during  various  seasons.  Subsatellite  experiments  are  a  necessary  element 
in  verifying  satellite  data  and  make  it  possible  to  reconstruct  a 
three-dimensional  picture  of  the  hydrophysical  fields  and  study  the 
space-time  variability  of  these  fields.  It  is  namely  this  path  that  USSR 
and  GDR  oceanographers  have  followed  in  organizing  the  joint  work  to  study 
the  Baltic  Sea  by  remote  means.  Two  complex  USSR-GDR  experiments  have  now 
been  conducted  in  the  Baltic  Sea:  in  April  1982  and  in  June  1983. 

The  first  experiment,  which  is  described  in  fairly  great  detail  in  the 
present  book,  gave  researchers  a  large  volume  of  synchronous  experimental 
data  from  satellites,  airplanes  and  a  vessel.  These  data  characterize  the 
thermal  and  optical  properties  of  the  Baltic  Sea  water  masses.  Specialists 
of  the  Operational  Control  Group,  the  crews  of  the  vessel  and  airplanes, 
scientists ,  engineers  and  technicians  have  accumulated  much  experience  in 
joint  research  and  have  worked  out  a  number  of  specific  interaction 
arrangements  for  complex  subsatellite  oceanographic  experiments. 

Compared  with  the  first  experiment,  the  second  subsatellite  experiment, 
conducted  in  May- June  1983,  featured  an  expanded  spatial  scale  of 
synchronous  measurements,  a  longer  operating  period  and  a  larger  number  of 
participating  vessels,  as  well  as  a  different  working  area.  The  research 
vessels  A.  v.  Humboldt  (GDR  AS),  Ayu-Dag  (Estonian  AS)  and  Rudolf 
Samoylovich  (State  Committee  on  Hydrometeorology  and  Environmental  Control) 
participated  in  the  experiment,  conducting  hydrological,  hydrochemical, 
hydrobiological  and  hydroptical  research.  An  11-14  airplane  with  an  IR 
radiometer  and  an  An-30  airplane  with  equipment  including  an  MKF-6M  and  a 
spectrophotometer  also  took  part.  During  the  experiment,  the  vessel 
equipment  of  the  participating  parties  was  intercalibrated. 

The  results  of  the  synchronous  subsatellite  experiments  and  an  analysis  of 
the  satellite  data,  make  it  possible  with  assurance  to  confirm  the 
possibility  of  using  satellite  information  to  study  synoptic  processes  and, 
when  information  is  obtained  regularly,  to  Investigate  the  seasonal 
variability  of  Baltic  Sea  hydrophysical  fields. 

The  data  of  the  subsatellite  experiments  show  the  necessity  of  further 
improving  the  system  of  collecting  reference  data,  including  oceanographic 
parameters,  atmospheric  characteristics  and  accompanying  hydrometeor¬ 
ological  characteristics,  based  on  optimizing  the  aggregate  of  vessel  and 
airborne  information-measurement  systems  and  on  automating  the  processing 
of  experimental  data.  It  should  be  emphasized  that  on-line  processing  of 
information  directly  during  the  experiment  makes  it  possible,  if  necessary, 
to  change  the  work  program,  control  the  spatial  position  of  individual 
measurement  devices  or  flexibly  restructure  the  measurement  cycles 
depending  on  changing  meteorological  or  other  conditions. 
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In  conclusion,  we  note  that  the  methodological  results  obtained  In  the 
course  of  the  preparation  and  execution  of  the  complex  subsatelllte 
oceanographic  experiments  on  the  Baltic  Sea  can  be  used  In  the  planning  of 
similar  subsatelllte  experiments  on  other  water  bodies. 
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